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CHANNELED SCABLAND OF WASHINGTON: NEW DATA
AND INTE1tPRIETATIONS

BY 3 IIARLW X 1ET1 . 11. T. U. SMmt, aNo GCftZ F. NUm

AasTuncr

llhe existence of four diffetesnt inmerprteutiwm of that extranrdinary rasenillage of
elw.nial and ,..i- .m.nimtieg 1.1l f1"I lim of ra-tem in W0a141i;s6-r .. tihe CluannelAr Sm-ulflm",
ilsul-- that riguruubly dekGnitive diagnmtic cI.mtiia i ed ist lee-n fmund. This study,

dealing with new data, largely from extenl4ve escavati-was aoid detailed topographic maps
made by the U. S. ur'au of Rvclamation in developing the grcat Columbia Basin Irriga-
tion Project, returns to the earliest of the four interpretations: that channeled scalland is
almost wholly the consequence of catastrophic flnndin-, of glacial water across this part
of the Columbia Plateau which remade preglacial valleys into an anastomosing coniples
of treat river channels with huge cataracts, deep rock basins, and bars attaining magni-
tudes unknown elsewhere on earth.

The new evidence Is held to establish firmly the fulhm-ing points:
(1) Some structural basins of the region did not have exterior drainage prior to arrival

of glacial watcr.
(2) The gr.wel hills called bars by Brett (1929a) have the shapes, surface markings,

structures, and topographic situations possible only fur suhfluvial constructional deposits.
In magnitudes and bouldery compositon, they are sui pearis.

(3) Several episodes of catastrophic diitcharge have occurred across this part of the
Columbia Plateau.

(4) The Columbia Valley skirting the plateau has had comparable floods in which the
scabland mrllea did not share.

(5) Successive floods have been dilferemtiated ottly by topographic relations of their
records, not by differential weathering and erosion.

(6) Bretz did not overestimate the magnitude of the erosion by glacial waters.
(7) The existing scabland features contradict the three later interpretations.
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The plateau character of eastern W'&shing.too is determined by the hiocene Columbia
River basalt flows. In northern and eastern
marginal portions, islandlike hills of much older
crystalline rocks project above the general
plane surface. Locally, folding and faulting ofthe basalt have made strongly expressed cor.
rugations, uplifted little-eroded linear tracts,and depressed areas of only incomplete filling.All relief features, whether diastrophic, cro-saonal or depositional, are interruptions of a

-- ! regional. southwestward s . . ._.. b." o -lle-plat au
The original low-lying basalt plain received

- lIuviatile and lacustrine sediments-Ellens.
burg, Jatah, early Ringold (?)-before re-corded deformation or erosion. After folding
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and some weathering and erosion, similarlyderived sediments were deposited in structuralbasins and are still flat-lying. The Ringold -fonnation in the Pasco basin is the outstandingrecord of this time. Considered to be of Pleisto.cene age solely from its scanty vertebrate
remains, it shows no evidence of contempo.raneous glaciation.

Overlying all these older formations is anextensive, thick silt mantle, the "Palouse soil."Most of it is clearly of loessial origin, but adetailed history has not yet been deciphered.A rolling to hilly topography, made mostlyby stream erosion but some by wind, appearsto have existed on this mantle during the timeof accumulation of the dust and has subse-
quently become much more marked. Calcified

and reddened zones, even caliche layers, areknown deep in the less. A widespread sub.
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surface caliche was fored after loessial de
tion ha passed its maximum. It exists alsolder rocks where not loes-covered

The scablands are glacial-river courses w
the Paloure and other sediments were suonT the basalt chiefly along regacial drain
lines, and the basalt itself was notably ero
'n places. Ja these glacial-river coursesextensive stream gravels of the same age Iorigin. Only the northern edge of the plat
was invaiLd] by tile Cordilleran ice sheetIn the lower reaches of Snake River canylin Pasco basin of tile Columbia, and in lov
Yakima and %Valla wala valleys are widspread lacustrine silts-the Touchet beds
also contemporaneous with glaciation in higlars to the north, east, and west. The Touch
silts record a "Lake Lewis" backwater pondii
either from a great blockade in the Columb
org across the Cascade Range or from a lo

stand Of this part of the continent and aestuary from the Pacific. "Lake Lewis- is on
a general term for possibly several Pleistocen
pondings of the Columbia and its tributarie
in the southwestern part of the plateau.

The term channeled scabland was first useiby Breta (1923a; 1923b) for the remarkabl

dainstorigb s yst-nm of glaial-river course
ditiuted over an area approzimately l25by 125 miles on the plateu.m Bretz (1927a)noted that:

Thi channeled scablands ... cover almost 2000square miles ... of the plateau. They are elongatetracts oriented with the gentle dip of the
underlying ba-alt flows, mostly bare rock or with athick cover ot Coarse basaltic rubble, commctonlywith canyons in them, and are hounded by steep
se of the deep loesial soil of the plateau. They

constitute a curious anastomosing pattern, thedown-dip convergences inherited from an earliernormal drainage pattern and the divergences
eally numerous, produced by crossing of divides
c1 this older pattern There are hundreds of tractsof the hgher loewscovered areas in the mcatbtands,from a fraction of a square mile to anny townsiid,
s l e n t , a l l i c u n m mm u u s a n d bn u m m, l c d ly t" "escralland areas. lime steepm marginmal sloe in Inesare In striking contrast to the gentle sl"pes of tle

After the appearance Of II more titles by thisauthor and papers bZwriters wh did not ais Interpretation of t oriin of channl Iac.land, the details of this definition still satisc
encompass all erosional and ot de .tioa fOre-

h"res of channeled scabland except for one writer's
eyplanation which has been vigorously rejected byeveryone else acquainted with time region

lOessisi ,150~gj~oceae
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posi oldr drin.959
Od Older drauge M Uern sumriving within each hoislted

0" ract. Canyons i n the ci a A fe m lt e a"d

am11aaaOUS, ansla gl. c tat, eeph lee -yr n s l ones unit and dividing us aaynilshias about bare rock knobs Wadept buttes unlike any othe, It id surface on the earth.
" These can Yksaeft"'rted as channeks a"t

age lie henc are Interpretd xc .l" ,dedterm 'channeled nb -

&re Ts definition dealt only with
ind features. But the glacial rivertha "Chain-l

neled"the g rivers that "chan-au neled" the scablands also left deiosits whoseclhamramcter, the leadinr theme in this study, is as
'as that of tie erCfsinal forms.

er he glacial watcr that made the scailande. crossed the preglacial divide along the highnorthern margin of the tilted plateau, found
h. gradients of 20-25 feet per mile in the pre-
et glacial drainage ways leading southwestward
.g down the dip slope, greatly enlarged them, and
ia -crossed minor divides among them to make thew anastomosis. At some of these crossings can.

yons 40D-'x feet deep were eroded by cata-
ract ree . Epty rock basins more than
100 feet dep and not Of plunge-pool origin
occur in many places. The glacial rivers which

swept the oessial cover oil the underlying
basalt and left the sharply expressed marginalscarps. dcscnding from the mature topo;raphy
of the loess "islands" to the essentially barebasalt of the channel floors, are also rccodcd
by great mounds of basaltic debris, chiefly inthe Quincy structural basin and in portions ofthe canyons of Snake and Columbia rivers

which dscharged westward. Any satisfactory
td ory for the genesis of this unique assemblage

of land forms must take account of all these
features and relations

Four distinctly different explanations, based
on field studies, have been proposed during the
Past 30 years. At least three theories utilize
enough apparently supporting field evidence

to have been accepted among geologists ac-
quainted with portions of the region, but each
has lacked suficient evidence to eliminate its
rivals.Field study on which this paper is based is
the execution of a longcherished plan by
T'metz to restudy the region with the later

eused without quaLWrcati00 in this paper"ess" includes both the thin, fairly recent bessMantling tie mature slopes of the "Palouse topog-
raph " and the Plisen Palouse son., itself

.
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position, and structure of the scabland rivet

dq4mitq, the lead ing theme of the present
p 'llr. A. C. W'a ers, well acquaim ted with thesca!Jand, wrote the authors that "the best
thing you can do to convince your reader is to
beg, cajole, even browbeat him into ra:y
loing at the region's topographic maps".

J. fd. Mackin, also vwell conversant with the.held said that 'to understand the scabland
oe must throw away textbook treatments of
river work". A doubting but open-minded

I

tions and detailed topographic maps by theU. S. llureau of Rrclaniatin. Several new
quadrang19e topographic maps by tile U S.
Gcologime Survey have appeared, and theentire region has been Photograpiled by theU. S. Dept. of Agriculture. The field work was

carried out with three men working togcthcr as
a check on a 'ruling-thcory," tendency.

The fnaly accepted theory for the origin ofthis assemblage must consider the entire area.The clephantinle character of channeled scab.

J%
V
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rival intertpre Mt ti. s im m ind. Te r 'C oum . Lsaaa dIllands more thaiL~i j~~,nJr~~g~ Vrj~"t in the wclts wca thla detaikwJ study Of limited portiwns
part of tile sc bland co injmk-z has mado new o nedata available from the extensive new excava- adne major phse of the rconr oreUatcY trai the tOpography. com.

~t7.

I Is

IV - , -'it

A

FICVRZ 1.--Isu '"A' IrOs MOST OF THE QL-ADIANCLES r
United States Geolgia Sry. L To I~N s TUSPAE

4 - * .~~fj 
!C 2 S u r v ey.. : . * -



\SIl!NCTON

cursory inspection,
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uf the record never before
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lag Ilenme of the pretsot

i ell acquainted with thethe authors that "the bet
- tS COnvince~ your reader as toa Irowbeat him into really

lun'sfl tOpographjc maps".
-M. "cli con1vegsfnt with the
*to Understand the scabland,
"aai teatbook treatments of

'Jng but open-minded

reader is hereby warned. Map Are repeatedly
listed for his critical examination d
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gmPNvXotUs IWTSTICATIO S tl

(Bretz) asv
General Discussion sa
Leigton 1919 34 - as

Leighton (1919, p. 34) first recognized the oc
scablaids as glacil-river courses. Pardee (1922, sc
J.. 6.46-687) thL-ht the scablands a product ciTof glacial ice, identifying the bouldery, un-. m
sortecd deposits as till and glacial drift and POrejecting floa-ting ice and running water as tilTagents. Breta (1923-1932) ruilnmntd both the TOerosional features and the dcpsits is the Me
result of a brief but enormous discharge of h,,
glacial water, termed the Spokane flood. Thestreamways were ilterpreted as channe!s, not Dn.

valleys. T1e mounded gravel deposits were

called river bars, although far larger than any
other known river-channel deposits. Bretzstressed conlnlporaneity of discharge throughall the channis. Jenkins (1925) approved oftile concrpt tha.t the narrow Wallula Gateway,

%h e re ti le C 4hu m ia c ro sse s th e o rse i M a v e n

hads an iclge below the plateau scabland
served as a bottleneck for an excessive

l"iy of 0 1ial water, the Spokane flo"l,
that caused fl 'diming back up Snake River toLewiston, Idaho, and even farther.

During the nine years when Bretz's paperswere alpelrig, many voices were rak-d in

e sxp s tu l ;t1 ,,,i so m e re co rd ed in P r ec eli ,;;s o f

te Geological Society of the WadhingtonAcademy of Sciences (V. 17, no. 8, 1927,p. 200-211) and in the Journal of Geology

(V. 35, no. 5, 1927, p. 461-468). The general

ter was that this heresy must be gently butfirmly stamped out.
In the well-organized "discussion" followinga lecture by Bretz before the Geological Societyof Washington in 1927, IV. C. Alden suggestcd

not prinivil in the Proceedings above noted)hat the rock basins might be collapsed lava
aves, and s~a d "it seems to me impossible that.. the Coruilleran ice ... could, under any prob-ble conditions, have yiclde., so much water ina short a t.,c". Ile asked for "repeated flood.

hgs of much smaller volume" and suggestedhat contemporaneous development of all partsas an erroneous interpretation. James Gillulymid "that the actual floods involved at anyven time uere of the order of magnitude of
e present Columbia's or at most a few times
large seems by no means excluded by anyidcnce as yet presented." G. R. Mansfield

id "it does not seem to me to be necessary tosume that all the scabland channels were
cupied by water at the same time. ... Theiblands seem to me better explained as the
ccts of persistent ponding and overflow of
rginal glacial water which changed their

sition or their places of outlet from time toe through a somershat protracted period."
escape t idea of contemporancity, 0. E.

inzer su;;cstcd that "tilting and foldinge occurred ... since the cutting of the
7e first Evc Of Bretl's papers were then in

The first Lv. of Dr~tz's papers were then in
t.4-i

INTRODUCT-ION
961
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PlCistocene channels" (bringing channel heto the same level) and said that "before a the
that rcquires a seemingly impossible qualntof water is accepted, evcry effort should
made to account for the existing :catures wi
Out employing so violent an assunptiol
G. 0. Smith said (not printed in the disci
sion) that the locssial scarps margining sc..land tracts might be the product of rainwa
and ero%4),t by wind rising up over low
basalt clifFs. Not printed in the discussion al
was a suggestion from II. G. Ferguson thl,
river ice jams may have caused some of tI
high-level divide crossings in the anastomosi

E. T. McKnight, who shared in the discu
sion, later that year (1927) published elaborate
objections to the flood theory, he and h
sponsors preferring to believe that certai
glacial stream courses entering Columbia Rive
in western Franklin County (the Koont
Coulee group) (Fig. 17; Pl. 1) are hangin,
because that river has widened its valley ii
postclacial time, not because the glacial Colum
bia's surface was at or near the level of til
coulce mouths when they were made. Likt
Meinzer's criticisms, McKnight's had the merit
of .being based on pcrsunal experience; he, as an
undergraduate, having "held the rod" during
the topographic mapping of three 15-ininute
quadrangles on the plateau.

Bretz responded to these suggestions and
criticisms in the printed "discussii'n" already
noted, also in a reply to icKnight (19 27 a) and
.n a paper (19 2c) devoted to all alternative
hypotheses ever suggested at that time. Al-
though several contributed ideas were accept-
able modifications of the original Spokane
Flood interpretation, a Pleistocene catastrophic
flooding was insisted on. Until 1930, however,
no p!ausible source for the enormous quantityof water demanded in so short a time had been
found. flretz later (1930a, p. 92) ascribed the
scabland flooding to an abrupt failure of the
ice dam which ponded Clacial Lake Missoula
(Pardee, 1910, p. 376-386).

Harding (1929), after spending a day with
Bretz during the fiele season of 1928 and learn-
ing that Lake Missoula was to be proposed as
the source of the flood water, rushed that
statement into print, without consultation or
acknowledgment, a few months before Bretz's

aas announcement. Allison (1933) proposed that

ary te flooding was caused by a blockade of

itY Cloating ice in the Columbia gorge through tie

be Cascade Mountains and that this blockade

th" gradually grew upstream until the normal

s- 'a mctwater dicharge from the Cordilleran ice

s- sheet was "diverted by the ice of accessory
sb blockades into a succession of routes across
sh secondary drainage divides at increasing alti-

r tudis, Pruducing scablands and perched gravel

o d porsits al ng the diversion routes...."Allison

ht favorem a la d lide as the initiating cause of

si te Culunibia blockade, "with freezing of the
s.- river (or the water-ice mixture) and the con.

s- fincment of the ice in the narrow and somewhat

d crookcd gorge as contributing causes." "The

is formation within the Columbia River gorge ofn an ice jam, capable of withstanding the pre%.T sure of if last 900, and perhaps 1100, feet ofz water is a herculean requirement but the fieldi e ence seems mncapably todemand itF ld study for his theory was liriited to areas
south and west of the main scabland.

E. T. Hodge (1934) published a brief lgaper

on the origin of the Washingtmn scablands,

listing a long and complicated series of late

T rti ny and Pleistocene events in the region,

involving ice jams during three glaciations, but
did not support hia proposed history with fieldevidence.

Flint (1938), studying especially the Cheney-
Palouse tract, denied that glacial-stream water
attained any great volume at any time or

place, asserting that "this discharge down the

Chency Palouse tract was less than that of theSnake River today." his thesis was that duringnormal discharge of Cordilleran meltwater'

Flint published (1937) a revision of the drift
bordc.r as shonn in p'late I of this paper; heplaced itfarther south so that it overlapped scabland at the
head of the Cheney-Palouse tract. This r-vision was
based on tao critria () smoother slopes and lower
relief of the northernmost Palouse hills, and (2)lacially derived erratic boulders and patche of till
in the &aJdd territory. lowever, typical steeply
sloped, fine-tcaitured Palouse topography in placesfar from the glaciated area grades into tracs of
lower rctef and gentler slopes. Moreover U. S.
Production and Marketing Ad min ist ration's mo.saics 1, 5, and 6 for Lincoln County, Washington,
shoe no contrast in toporaphy or land use between
t he tea sides of Flint's minutely lobate glacial

margin acrru this tract Ins- ad. a marked belt ofelongated. subparalltl lo sal hills south of thisboundary ltendslwith equal dvelopment, IPaeinL,

)- - - - - -- - .~ ........... 
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water in Pasco basin (Lake that attain amplitudes of 50 feet ad havenfluence of the Yakima, Snake, wave lengths of as much as 500 feet. Pardeerivers (Fig. 17; P1. 1) caused said nothing in this paper about dispositionradation with silt, sand, and of the 500 cubic miles of water the lake con.he Cheney-Palouse tract and tainrld iowever, it escaped westward aroundthe divide crossings. Implicit in the north end of the Bitterroot Range into
iugh not specified, were com- Idaho and thence could have gone only downtion and interfluve crossing the Spokane Valley toward the heads of theentire scabland. Lowering of channeled scabland.
n allowed the continuing normal Ifuolbs (1943; 1947) presented another the-move the fill in large part, to ory, stating that (1) a lobe of the Cordilleran
ring locssial hills, and to make ice sheut had almost covered the region, (2)Various specific aspects of scabland was a product of glacial scouring, (3):eny, volcanism, and gradation the rock basins were glacially plucked, (4) thes causes for the ponding, and loess, generally considered prcscabland in age,ies" were seen in a dam made was actually deposited by anticyclonic winds
by a Mt. blood valley glacier. ofT the ice during retreat of his lobe, (5) mu-
found Flint's fill hypothesis tilated moraines recorded at least five stageswith the constructional forms of retreat, and (6) the channel complex was

n of the mounded gravel de- the product of glacial-border drainage, eacht in correlating Lake Lewis retreatal stage developing new channelwaysof most of the gravel deliusits acrus freshly exposed scabland. Nobbs' inter-
canyon, and demanding of the pretation of 1943 (unaltered in 1947) wasthe fill "decidedly abnormal, based on inadequate field study and is con-
, behavior" along the Cheney- sidered to be invalid. The Palouse loess occursIe again urged that only the in hundreds of scarp-boundcd, island-like tractscould explain the channeled separating or interrupting the scabland chan-

nels, and these scarps sharply truncate the
found high-eddy deposits, bar- older mature topography of such islands, leav-nt current ripples, strongly ing many of their valleys hanging. Reddened
, and severely scoured salients zones and caliche layers with root casts andvalleys occupied by Glacial molds are buried deep within the loess. Hobbs

western Monani. lie postu. was the only investigator who interpreted anyc lake's ice dam, which caused land forms of the scablands as moraine relics,
lowering. Strong currents are and he made only the bland statement that they

quc giant current-ripple marks exist i.' specified places, citing no evidence to
show that they arc glacially built deposits and

orthward for 12 miles into his making no comment on how earlier students
pection of the northwestrn pr- could have missed them. Ile actually descrilbeden quadranglet map (U. S. Gcol' a "morikinc" in tlhe bottoi o 3ne o the chan.bear out this criticism .A lso m an net ( lra t) fo - -h- -ch-- -
ukltrs have been found along I nels (Ephrata) for'Grand Coulee water across
tis, alng the Colunbia Lcyo d 1liC Q.1cy gravel fi!!. Regarding the sequence.
of western Oregon. Furthrmore of border drainages, he required his glacial
of these boulders wi:h an accom- rivers successively to abandon open lw?till are especially numerous in routes for higher ones as his lobe retreated ariles or more down the Columlbia
most knmwn glacial drift in situ. he used one route (Providence Coulee) that hasfacts, hlint's revision dnes not no scaLlard, glacial river gravel, or erratics andnd the 1928 mapping of the driftfollowed in Plate 1. In the ah. is far too high for his purpose. Finally he leftorainc and of udllmarkcd ground some of the bcst.developcd scabland (Drum-Wass east of Grand Coulee ie cr Oatchln, MoeCul, wcCrbthe drift border for this are- helter,
b,1e. Creek, Palouse-Snake divide, Columbia and

-)
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IkEVIOUS INVESTIGATIONS

Snake River valleys) outside the limits of his
lobe.

R. L. Lupber (1944), dealing with the
Touchet beds-i.e., fine sediments in con-
tiCimous parts of Snaki, Walla Walla, Yakinia,
and Columbia valleys, ascribed by Flint and
Allison to deposition in Lake Lewis-briefly
dieussed the urigin of"Wash'irtigon scalblarid.
le-fuuild objections to'the interpretations of
Iretz ai Flint anid accepted Allimi's ice-
jain theory.

A reader familiar with Urct's earlier publi-
cations will find several revisions of interpreta-
tion in this paper, the most striking one being
abandonment of the term "the Spokane Flood"
and a demand by all three authors for several
scabland floods. Obviously the present paper
cannot be sinply a series of assertions and
denials. Field evidence must be presented in
sufficient dttail to allow the reader to judge of
its appropriatenis and adequacy for accom-
panying iintipretati-nts.

Sunmary of Oricinal Interpretalions

(1) The Palouse locss of the basalt plateau
is oldir t hani tile scabland. (Accepted by all
critics and writcrs except llobbs, who thought it
essentially contemporaneous.)

(2) The scabland channel complex has been
made by glacial water entering and modifying

. preglacial drainage lines on the loess-covered _
plateau. (Only Hobbs has a variant interlireta-
tion.) - -.-.--

(3) The scabland rock ba-ins have been made
by glacionuvial erosion, chiefly by plucking in
the columnar basalt. (lobbs has diiTcred,
asserting glacial plucking; Alden has sg-gestcd
that they might be collapsed lava caverns )

(4) The downstream-facing cliffs interrupt-
ing channel floors are abandoned cataracts.
(DenieJ Ly no critic.)

(5) The locssial scarps bordering scabland
, channels are marginal steepcninis made by
. glacial rivers. (Only G. 0. Smith has expressed

doub..)
(6) The scabland gravel deposits are con-

temporaicous with the channeling. (Flint de-
murred, believing the channels were made
during removal of former complete fluviu-
glacial valley fills. The critical items here

96S

concern th ability of Flint's low-gradient
streams of moderate size to detach great
boulders from bedrock, to transport them for
miles, then to remove the fill and to make the
rugged, channcl.bottom scabland topography
ansociattel with "residual" hills of gravel.
Without a c nirnilraneous "Lake Lewis",- -
whose risc catrd the agr'rdation and .-.)ost
hiniediate . sit'slencc caused the erosion,
Flilit's tii.ry lii% no lt.gical Iinulat ii,
Dimimier-ii-th,at tile rravul "it-mmalill"
are strenA cut terrviccs is fundamiejtal fur his
theory, and !c.bland forms buried under gravel
are unallowablc )

Alhison postulated a prescabland gravel-ter-
race systim in Lower Snake River canyon,
crosional remnants of which were subflnvially
shaped by the glacial water from the scab-
lands. (If correct, there must be comparable
but unmodified terraces in the canyon up-
stream from entrance of the scabland rivers.
In the terraces modirred by the glacial Snake,
there should be abundant well-worn Snake
River-type pebbles. In unmodified cores of
these dtposits cementation and/or weathering
would be accessory evidence.)

(7) The structure, composition, and topo-
graphic cxplrcsion of these deposits rccord sub-
fluvial origin as river .:s of gigantic size. The
undrained fosse depressions among aid behind
these gravd hills, the midchannel location of
many, ard the numerous huge current-ripple
maiks ci[forming to their shapes are unde-
niable evinee for bar origin. (Deied by
Flint, Gjl!uiy, l1od-e, and the sponsors of
Mcl'niglt. I-lint claimed that they are !er-
raced remra:.s of once-continuous fills, and
Gilluly called their long fcorcscts evidence for
deltaic oriir.; AlI!son acccpted them as sub-
fuvial forms, although his concept cannot
explain the mid-valley location of many.)

(8) The si..iilar altitude of the upper limit
of g;acial w.ater in all scabland channel heads
and the anastomnosing pattern indicate approxi-
mately contemporaneous functioning at same
time over the entire area. (Strongly questioned
by Alden, Gilluly, Ilodge, Mansield and
Mciier, acccpted by Flint and Allison. Evi-
deuce for c" ticmirancity at some stage in
scalbland hAtiry must be expected at con-
vergL;Icrs Of chajinr with separate heads.)

3 __
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(9) The many minor divide crossings w
due to a suffcikntly great volume of glac
water to fill pire-cxisting valleys up to overfl
sites. Farlier valley-train deposits may habeen a factor in overflow. (Denied by Alde
Flint, Gilluly, lodge, Mansfield, and Mcinac
Flint sixcifically shallowed the prcglacial va
leys with fluvioglacial deposits caused by dec
backwater (Lake Lewis) beyond the platea
until spillover into adjacent valleys occurred
this before basalt scabland was made. Alliso
used local ice jams to make local impounding
and spillovers. There appears to be no thir
reasonable alternative. Evidence for the goo,
concept must include demonstration that
general fill never existed and that ice jams lef
no dcfinite local records of their actual exist
ence.)

.1 (10) Ice-rafted stones and water-transportec
';tfner sedii'*nts b& ck &n alles', -tribu .tru

scabland ch'ainels, *that-did not ccary- ccial
water discharge were~the conscjqcnii of bjk-
Roodirng bccauseiof the great olume and dipth
~mthc maiin channels. (Denied or ignored by allbut Allison and Flint.)

.4 (11) liars, high-level channels, tributary
"\'vallcy-miouth deposits, and a "Portland delta"

- record the flood waters descending the Colum-
bia beyond the plateau, crossing the Cascade
Range and entering a Columbia valley estuary.
(Allison, 1933, and Hodge, 1934, denied the
Portland deposit as a delta; Piper, 1932, denied
the flood origin of tributary mouth deposits
near The Dalles, Allison and Flint believed a
dam (landslide? hit. Ilood glacier? ice jam?)blocked the Columbia Gorge across the Cas.
cades. Ilith-level, berg-rafted, glaciated
boulders have been floated to position in lower
Columbia and Willamette valleys but perhapsare not all contemporaneous with scabland
making. The dam must remain hypothetical
until definitive evidence for its location is
found on the walls of the gorge.)

(12) Only a great flood could have caused
simultaneous discharge of the three great
cataracts and one enormous high-gradicit spill-
way out of Quincy basin. (Simultaneity denied
or ignored by all opponents of the fiood hy-
pothesi-. and the four accordant initial dis.
charge levels explained by Mleinzer as a
fortuitous leveling up by subsequent earth

..

re movernent. The only other atematie am
t hat ice jams blocked three of the four dis.

vw chargeys at a time, in a rotating sequence,
ne or that the basin once had an alluvial fill on
n, which the glacial strcam shifted from one
r. disca1geway to another.)

1- (13) Upper Grand Coulee's dry canyon was
p made y cataract recession completely through
u a Preglacial divide. (Denied by no critic.)
; (14) Water for scabland making came from
s the bulsting of the glacial dam impounding
:d ake Miassoula in western Montana. (Rejected
d by all except Pardee who discovered evidence
d for torrential emptying of a large part of the

a lake. There is littlefield evidence at or near

the damsite.to prove a catastrophic bursting,but t he lake water certainly discharged west:
'Ard- Acceptaliccof .evidence- for scabland

I entails accptance of the strong prob-
ability of a direct cause-and-effect relationship.(Since this was written, Alden has indicated a
"lierliaps" acceptance. See footnote 43.)

(5) The scalilands east of Grand Couleewere ascribed to a pre-Wisconsin (Spokane)
glaciation and Grand Coulec's completion to

flood discharge during the Wisconsin glaciation.
(Hodee announced three different glaciations

during scabland development, while Flint

claimed that the Spokane drift is Wisconsin
in age.)

d vnc e S unmary of New Evidence and
: ', teprelations

Changes and elaborations in Bretz's earlier
interpretations include:

- (1) tentative identification of some gravels,both high-level and buried, as remnants of
prescabland normal outwzsh;

(2) recognition of a heavy caliche on thebecss and older deposits in part of the regionas the marker for immediately prescabland
topneraphy; -

(3) discovery of 'giant current-ripple marks
on bar deposits in nine different channel-ways,
Jistributed in more than a dozen localities
ranging from the northern to the southern,and from the eastern to the western sides of the
complex;

(4) establishment of the river-bar origin of

the discontinuous mounded gravel deposits in



,

- - *.* ,. .g;.*- A

r ter alternatives are
k . ,e of the four dis-
Zie, in a totating sequence,
unce had an alluvial fil on
stream shifted from one

.r.:ler.)
d Coulce's dry canyon was
Ieccssion completely through
(Denied by no critic.)

cabland making came-from
e glacial dam impounding
estern .Montana. (Rejected

te who discovered evidence
ying of a large part of the
e field evidence at or near
wic a catastrophic bursting.
certainly discharged west-
uf .eviJcnce for-scablanrd

ptance of the strong prob-
ause-and-effect relationship.
tien, Alden has indicated a
nce. See footnote 43.)
n-Is east of Grand Coulee
a pre-Wisconsin (Spokane)
Lndl Coulee's completion to
.nZg the Wisconsin glaciation.

three different glaciations
dcv.Ipment, while Flint

e drift is Wisconsin

cry of New. Evidexce and
t-,pretations

borations in Bretz's earlier
jude:

TCati on of some gravels,
ad bur'ed, as remnants of

.1 outwrsh;
of a heavy caliche on the
p-sits in part of the region
.r immediately prescabland

. giant current-ripple marks
nine different channel-ways,
c than a dozen localities
ortrn to the southern,

rn to the western sides of the

at of the river-bar origin of
orunded gravel deposits in

I aerial photographs

PREVIOUS INVESTIGATIONS

taken by the U. S. Agricultural Adjustment
/ .ministration, the U. S. Production and
Marketing Administration and H. T. U. Smith,
from the detailed topographic maps of the
U. S. Bureau of Reclamation, and from many
extensive new excavations;

(5) recognition of the occurrence of several
successive floods, the earliest recorded only an
the Columbia valley, the second involving
perhaps the entire area, later ones restricted t
chaisiacls already deepened, and the last one
again limited to the Columbia valley;

, ... (6) recognition that Touchet silts were not
contlmporaticous with scabland making.

GRAND CoULEE AND QIN BASIN

Maps: Grand Coule (4 shets), Hoses Lake,
Otikele, Qui-cy and Wlinchester qucds..
USCS.; R4.5720, sktis I and 2, US.B.R.

(Bretz, Smith, and Neff)

Grand Coulee

A tandem canyon 50 miles long and more'
than 900 feet in maximum depth, Grand
Coulee is the greatest scabland channel. It is a
glacial Columbia River's detour whelt the
river's preglacial course was dammed by a lobe
of ice pushing southward from the capacious
Okanogan Valley (Pl. 1). Striae and moraine
relics near the head of Grand Coulee show that
it had present depth before the last invasion

S by the Okanogan lobe. Grand Coulee has been
generally accepted as largely a recessional
cataract gorge (Bretz, 1932), its northern half
eroded across a previously intact divide, itssouthern half excavated along the strike of the
steep limb of an asymmetrical flexure, the
Coulee monoclins.

11e northern, or Upper, Coulee was initiated
where the glacial stream cascaded some 800 feet
down the steep southeastern slope of the mono-
cline.' When this cascade migrated north of
the fractured and steeply tilted zone into hiph
flat-lying basalt, it became a typical recession.i
cataract (Steamboat Falls) nearly 900 feet

I Bureau of Reclamation exploratory drill.ngsfound a gravel-filked plunre pool at this place whosebottom is 300 feet lower than the scabland floor im-mediately downstream, just south of the flexure.

high. Eventually its retreat extended the
knigthening gorge across the divide into the
preglacial Columbia River valley, and thus the
cataract destroyed itself. Scabland records of
the glacial river, made before much recession
had occurred, exist on the rim of the gorge
nearly 1000 feet above the floor. Subsidiary
cataracts along both walls, one of them as wide
as Niagara and thret times as high, tell some-
thing of the breadth of the Grand Coulee
glacial river before cataract recession narrowed
it io a minimum of a mile. (See Breta, 1932.)

These brief items' will indicate the magnitude
of this scabland river across the Coulee mono-
cline. Along the lower or southern half of Grand
Coulee the stream spread widely, enormously
er.larg.d three small, preglacial drainageways,
and made a huCe new gorge by quarrying out
the fractured basalt along about 10 miles of
the monocline's steep limb. Minor structures
involved in this anasto-nosing course were four
nearly east-west anticlines (Ifigh Hill, Trail
Lake, Pinto Ridge, and Soap Lake) with
separating synclines. Their higher portions
stood above the wide-spreading river, but lower
pats were crossed by floods and greatly erodcd
to make five additional canyoned courses
(Jasper, Lenore, Unnamed, Dry, and Long
Lake) over a width, including the mnnoc!inal
course, of about 15 miles. The dischaare of all
these entered he extensive Quincy structural
and topographic basin, largely covered it with
basaltic gravel, and made four immense simul-
taneously operating scabland dischargeways
(Crater, Potholes, Frenchman Springs, and
Drumhellcr) leading to the Columbia valley
west and soLthwest of Quincy basin.

Trail Lake Antidine and Bac.,, Syncline

One of the most significant tracts of this
Lower Grand Coulee area is the denuded
portion of Trail Lake ar' cline with Bacon
syncline to the south (Pl. 2). Over a width of
5 miles, the glacial floods swept up the gentle
northwestern anticlinal slope and descended
the steep southcastern slope to enter the pre-

* The conclusions regarding Grand Coulee arebased on dctaiis set forth in-another publication
(Bret, 1931). Not having been specifcally chl.
letaigd by critics, the field evidence wiU not be
repcated here.

- *
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alas, became cataracts. one, at the head of the
Llaasasn-,l Cule, had retreated about 4000 feet
when the laM discharge to cross the atiticlinai
crest subided. It is a spleudid exanaple 0a an

abandoned waterfall with three alcove heads04. ) wosecliff, Are IWI-15 fect high, a
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some erratics) jtst south of the crest, buryi,
a bess with a calichified upper zone. The &lttude of this high gravel flat proves that thei
was, as yet, no deep Lower Grand Coulee an
no Dry or Long Lake (Spring) Coulee outl,notches in the syncliane's rim.

This scabland gravel deposit in Bacon synchine was once called a bar (Hretz, 1932, p. 2S)The lower southern and western parts armounded bars (Fig. 3), but the high flat-topp
portion is only a reminant of a larger deposi(PIs. 2, 3), perhaps an outwash plain; iiu
present barlike outline was the result of erosion
by later glacial discharge across the Trail Lakeanticline when Dry and Long Lake coulces
were being notched into the rim of the Bacon
syncline. Neff reports small remnants of gravelon the north slope of Pinto Rid-e (the southern
side of the syncline), at about the same altitude.

Deepening of these notches is considered tohave caused eventual -enoval of most of this
gravel and the underlying sedimentary mate-rial in the structural basin from the steepsouthern basaltic limb of the anticline. Three
or four cascades bc;an to concentrate the sheet
of glacial water, and these, receding north pf the

CDiscovery of two feldspar-bearing flows in theCo~.iahia R~iver tLasalt of casterst Washinatnn (%I
11. Irwin, unpublishel manuscript) has miate pos.
sible a dctaikd sru tural niaping by the Hurcauof Rclamation for the Columbatia Btasin Proje-ct.The blure.u's mia psow 1 a the1 upper fekl sparflow in lacn sy lniin1375 ictAT n he centralpart Andl 17W0-1775 in tist eastern &Wd westen lrowsaddles. Their 2-foot - ager-al contour Mal %hoacs
breaching only by gtae riarer channels cut amb
these saddles.

-t- ----

1g cataract supplied only by a sheet of water flow.

*i- ing diagonally updip across the unchanneled
re gentle northern slope of Trail Lake anticline.s
d Bacon synclinal basin apparently carries a]record of four episodes of glacial-water dis-

charge in distributary fashion out of UpperGrand Coulee across Trail Lake anticline: the
I first recorded by the high gravel flat, the seconde and third by the two broad bars just to the

l soutlhwst which lie 50-200 feet lower, while
the fourth completed the Unnamed Coulee

cataract's recessional gorge immediately westof the scarp of the lowest bar and 150-200 feet
still lower. All three scarps in this gravel-cov.
ered tract are erosional, but only the highest
can be considered a terrace scarp.

Bacon syncline's bottom scabland at the
southwestern outlet hangs between 100 and150 feet above the floor of Lenore Canyon-Dry
Coulce with no suggestion of cataract develop.

ment at the junction. This seems to record

deepeiiniig of the canyon-coulee after the last

flooding of Bacon syndine. If so, the great DryFalls cataract group (400 feet high) at thehead of Lower Grand Coulee (Bretz, 1932) is
younger than the Unnamed Coulee cataract,
and a fifth episode of discharge down Grand
Coulee is indicated.

It may be that Lenore Canyon never carried

I Anoth at the head of Long Lake Coulee, is
closely paal-led bs the Mlain anal Desite a
tunnel about 9000 et long through Desi antictnalcrest, the canal water after emerging, drops 16S
feet in half a mile to ipass the site of the ancient
Cataract.

rV
glacially undrained 0acon syncline.' /ppar-
ently, this structural basin was still filed with
aulrLsu lt sdin tary ruck, cup wi' Witl,

ess- On a basin fluo" at about 1650 Ifeet A.T1.the first glacial discharge across the antklinal
crest deposited 100 feet of basalt gravel (with

1)

C)

I,
f.

I.
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I le cataracts. One. at the hrad of lh. AI N

Lower Grand Coulee rier 9la
must be curr at a late functioningGrcnd o ldingly increasd.

Grand Cou on emerging from its
rock-bound COIC sped widely ita Quinc
basin, .:,.I the ensra s
records a gat -grave dclusit there

rheomback great decrease in transporting ability.he bk slope, northward down to SOAP Lake
Ia mooth, Su fLuvial, equilibrium pru fje

lacking in ravines, terraces, scarps, channels
btrs, or the iuniocky topography left by
Stranded ice blok. (Wa.ters, 1933). it isa
slope adjusted to the volume. ,9lcity, aload of tha gra mvlctAnd
lopd o -'t great river's last flood. Was this
ope crosonally developed in preViously de.Posited grave, or is ,toe reiul e

that glacial :'.Z i a depositiona1lifprfde of

a through stream from Loer Grand Coulee
o Dry Coulee; that fioojs across the ravaged

Country orth of the canyon were divided bythe uns~lmucergCM portion of iligh Ilill, partgSing wet to Luw,r Grand Cou'e, pre V
to Dry Coulee' Supporting this idea is thenarrowness and lack of bars in Mid-length of
the canyun, and the a :,ence of a ntino us

S*4P Lake

The Soap Lake anticline, southernmost sub.sidiary spur trendingr eastward from the Coulee
monocline, had a small, antecedent drainage.way across it which glacial waters Obliteratedin making the lake basin. flowcver, several
mies Of this preglacial streamw-y can be
idenifid farther orth, as of he great mono-
linal ais (Irtz, 193). The Pureau ofReclamation found rock bottom 214 feet belowthe lake surface, with 109 feet of gtaci-wrivergravel aove it and S4 f acive

above that. ect Of POS19lacial mud
Gravel deposits of the Quiny Lasin consti-

te tenotched southern rirr of the basin
7F-250 f)t above the present lake surface
(Figs. 4, 5). Thus rock bottom in the mouth ofGrand Coulee is 290 feet below the lowest Agravel surface ? mils to the south. Were the crim restored, and the fill under the lake re.mov-d, there would be a hole in the rglaciariver channel 340-465 feet deep.$ b
The mouth of Lower Grand Coulee, therefore, has discharged a Prodigious stram out onthe lower land of Q cybasin (Fig. m). Icatnse N

tributary Long Lake and Dry coulces probably anOnce functioned at the same time and their c,
combined widths car the mouths are about (Stj nmiles, any estimate of the magnitude of old

Lenortado ninin fresh-water shelts along La'- r a
Len te and Sh a ke record a Postglacial humpi and
tt IP Lake dr gir raai r h ld a m uch thelarger ake will, overflo-ar down Rock) !nrrd Channel.Such a take miust ha-"%c xItendid northalr listhe full length of th' 1.%e Coulee. llic cod . sca

piression corntaining Ieoe le. h closed dc. scabotrr sake Cor2 il Sap Lake thus includes all the -ugtration of irrig niit e to the north. Prsent initn. -ond atr i 
g

' p a Lake andu ia ch k d raising tie level of c n nrtion fron ni' utc hecled Iy iira~d,. ~
wels may suLanded surface aii JrakCed e . calgrcesakii a 6 rt l he city of Sp lto

n u ou tae in ,-d G ra nd in j
-

'

Quincy Basji
At least 500 square miles of this large, struc.tural deprei~son are covered with gravel andsand brought in chiefly by Grand Coule andUpper Crab Creek glacial rivers (l. 1). The

maxium known thickness is 128 feet. Thegravel, E;ke that elsewhere in this eashingtotcorrp'z of glacial stream, is wath .Cred and in but few placebut little eath.
cemente It - is is incipienltly .

cm nt d s 5, cteristi ally bl ih back,bot s gh", 4s,1;s _

rbuhrg : a s - - ti from a -
rusher This istrue for the oldest r asl as well

u the oyoungest. Except in one place, the
mount of ncathering since deposition cannot
hused to indicate relative age. Freshness of
e gravel indicates derivation from below the
ne of preglacial weathering, te
c1. to acrage 21 feet in he irri-ation-Project
ca Staine and p artially i durated daysdsands cont-in ing shih , bonbos --d ;---- ' s, and wo

- u-u n-- a c cs n th e basin 's -chweCnnesen nd ~~- -- gins
r th r.n cn nzer, 1918). Th e e -

, - ta, t he scabland gravel.Aoeth~ee
che'd Ly C -e.Above the level.

c c d Lstr s n e a r W in c h es ter

IQ-Jinc~f a ndsouth o
Si older Se,;int_ s

IC odc ~carry a caliche as much -ct thick. In many places throughout the
-- lsar ca iche o iics ll 7*
a R m es Ellens.)C n"c , .' . o i b a i v e r b a s a l t , a n d

u __ C S-cablaia d sand and

e contain fragments of

I.A e&'vy caliche is believed to dis-

4--
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tinguish the prescabland surface over much of easterly slope of the gravel plain, the lowest of
the region. yhich, Rocky Ford, contains MosM Lake in

Vscabland gravel deposit has an east-west cross- hiesuhr at t eps atighernBoorsectona reief f narl 20 fee, oingmoslike a rive channel, but its broad ihror
s a of anastomosing smaller channels.

- 'we " Nm

50 feet.~1 1%tno .oor i rVal' 452,set1.Cnoritra

S. 11 , r' 4

-7A

4 1

.te rmf ,ap7) L afi A barha-dunl be/hsdmedtedee

.4

thh SEL AD DUNES

Fictraz 4.-MAwn PORTbON Or QCZNcV BSINShowing tethree chanl edn from Soap Lake across the gravul fill and the A-shaped heads ofmior scanes Urn . S. lturcau of Yectiation htzupoic n~ap R4.5720. sheet 1. Contour interval

to later channeling, all parts south of the A barchan-dune belt has dammed the deepernotched rim of Soap Lake basin have a fairly :entral part of this channel and made the lake.Uniform, gradual, southeasterly slope down This ponding has brought out a peculiaritytoward Drumheller Channels, the largest and possessed also by Ephrata channel, the highestdeepest of the four glacial spillways out of of the three-the existence of tributary channelsQuincy basin. The basin fill has no slope toward (Parker, Lewis, and Pelican horns or bays)the three western cataracts, which head on the gravel plain south of the)Tree definite channels traverse this south- rim of Soap Lake basin. If Moses Lake level



Ile Vplain, the lowest of
r. }tains Moses Lake in
Its deepest part is sinuous

lei, but its broad higher floor
tastomosing smaller channels.

I *l-ad t e -ae h aso

... i.

\

s I

, . u e u i r t
-/

land the A-shap d heads of* 32, sheet I. Contour interval

e belt has dammed the deeperas channel and made the lake.
'. Lrought out a peculiarity
* prat Channel, the highest
exaltence of tributary channels
a.nJ Pelican horns or bays)
lie gravel plain south of thee ' -If Mioses Lake level

(1044 feet A.T.) were raised to 1100 or 1feet A.T., these horns would lengthen no
ward, and more horns would appear, as sh
in Figure 4. None of them, however, wcreach across the Soap Lake rim. At 1150 f,one would reach up Ephrata channel, andflooded to 1200 feet, that channel would ahave tributary horns.

If only those hairpin contour loops indic
ing southward-sloping surfaces are drawn, frithe Bureau's topographic map R4-5720 (as
in Fig. 4), the entire gravel fill traversedthe three channels is seen to possess this chiacterislic. Flongated and subparallel closbasins in them are common. Whether t
grooves are separated by constructional fornhor erosion under sheets of water across tlentire plain has made them, or both process
have operated, these northward-tapering chainels or grooves cannot be explained as posgravel di-scction by local runoff. They mushave been made under glacial water flowit,southeastward across tite basin.

Figure 4 could have been drawn with abouhalf as many similarly oriented As selected tis ow the very reverse topography, that oprows pointing northwestward. The combination of prows and grooves appears to make agood case for erosional origin under a wide.
spread glacial torrent, thereby requiring a pre.existing unaccented gravel plain. But structurecannot be ignored in interpreting the origin ofthese forms. An unparalleled opportunity tostudy structure was afforded by the 175 milesof canal excavation completed in 1952 andthe many large gravel pits made in develop.ment of the Columbia Basin Project.

Boulders, mostly basmlt, are embarassingly
abundant in some pits, requiring excavators todiscard a large portion of the gravel, and arevery obvious in spoil heaps along canals.
Columnar outlines are common, the greenishpatina of a preglacial weathering rind surviving
in large part on plane or concave sidvs, and
fresh basalt showing chiefly on bruised and
baterril projecting edges. M'ost of them are
distributed sporadically in cobble or pebblegravel, its constituents usually not much wornbut without weathered surfaces. Many boulders
may have been carried by floating ice, but theboulder-laden lIe of scabland knobs and buttes

grooves aL~rs~..r.ce of elongated closed basins

CRAND COULEE AND QUINCY TIASIN

150 in the basin indicate the operation of some
Wn agency capable of tearing boulders loose. One
u l age grav dl pit (Sec. 17, T. 20 N., R. 29 E.)
'uld Shows two scabland knobs at the bottom. The
t, large quantity of rejected boulders in the pit
if came almost entirely from the basal part of theI1so 30-foot section. Everywhere that the bottm of

the grael is known along the two deeper
at- channels, the older sediments are lacking, and
am the gravel trests directly on unweathered scab.
As land basalt.

ry The common fore-set bedding of the basaltic
d - fgra el, containing erratic material and caliche

he -ragmencs.'s not ordinary current fore setting
he in horizontal courses of limited thicknesses;
is, it is more Ike deltaic forc-set structure extend-

e ing through the entire e posure a rid deposited
es at the angle of stability. Only the higher, flatter
- tracts commonly have nearly horizontal bed-

t- ding. The long fore-sets are found in excava.it tions on steep slopes where they dip either inl conformity with those slopes or at some angle
between the slope direction and south. (Ex-

t amples: the 'V;ow Lake road cut approxi.

a m at el- in s c. 6, T. 21 N ., R. 28 E., the Larson
Air Field pt in sec. 31, T. 20 N., R. 28 E.,
the ColumLia Sand and Gravel Co's pit in sec.

T. 19 N., R. 28 E, a pit a mile north ofMoses Lake town in sec. 11, T. 19 N., R. 28 E.

and the huge pit in the south edge of sections Iand 2, T. 17 N., R. 28 E.)

The Quircy basin gravel deposits are ter-

raced only along the deeper portions of the

Rocky Ford channel, and only the creek andlake indicate a meander pattern in any partof any elhannel. The notch of Rocky Ford

channel in the Soap Lake gravel rim is 110 feet
lov.er than 0a: for Ephrata channel and 50 feet
lower than the col at the head of Willow Springs
channel A postflood glacial Grand Coulee
river (a dcoured Columbia) and/or discharge

Of a Posb-g!sc;. lake in Lower Grand Coule,

may well have been responsible for the only
normal strea, valley pattern in all of Quincy

basin's or, indeed, any other scabland gravel

deposits.
The higher bottom portions of Rocky Ford,deepest ar.d widct cf the three channels, pos.sess tme r arart pattern of anastomosingminor chanr!s, A-shaped heads of channelgrooves, at :r.,;nCe of elongated closed basins
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Fictra S.-Nonmavi Exro Or Qvrmcy DAst 8From V. S. Bureau of Reclamation topographic map R4-5720, sheet 1. Contour interval 10 feet.
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Fin th se gOves, and boulder-strewn iareatha Quincy basin has Over most Or its high,,surfaces (Fig. 6).

Even if the three channels across Quincybasin are sequential, as is suggested by theirdifferig altitudes, the channeling must havestarted with all three, unless we use an im-
plausible, unrecorded rotating sequence of icedams. They were made under a flood of ade.
quate volume to spread initially over the entire
gravel surface, a flood well recorded in the
horris of Ephrata channel. But this western
channel was too far offside to be deepened as
much as the other two, hence was not occupied
by later hoods that used and deepened RockyFord and Willow Springs channels. Because
Willow Springs channel enters Rocky Ford at.accordant grade, constituting the depressions
for the hons of Moses Lake, these two channels
must have functioned contemporaneously to theend of the glacial flooding, evtnn though the colof the head of Willow Springs is 50 feet higherthan that of Rocky Ford. The need for largevolume is again obvious unless we can believethat unrecorded ice jams in proper sequence
determined the succession.

Two major points remain to be cleared up:
the genetic conditions for the gravel .,. into

PLAn 3.-UNNAMED COULEE AND ASSOCIATED GRAVEL DEPo sTflFicuaz I.-Vertical Aerial Photo showing gavel deposits. Top is north. Shadows fall to she let. South.astern slope of Trail Lake anticline can be traced diagonally across the photo, from the lower left, by meansof the northwest-facng d611. The A-shaped small scabland hills in inidlength of the coulee are also erodedportions of souheasv-dipning basalt flows. The high gravel remrsi::t is scarped on all sides, the eastern andhiest scayp having been cut through the gravel and the underl) I.- luesa wbose caliche cap is shown by thewhite line along the scarp. Two sucesvcly younger gravel dersits, with conves tops, lying southwest ofthe high gravel renant, arte bars, left by Ler foods, each becoming scarped as the outlets to Dacon syn-linal valley were deepened The cataract alcoves all brad in the same flat-lying Cow and presumably datefrom the Last flood. Compare with Nate 2. Photographs AAk. 9A-9 and 11, Agr. Adj. Adm.Fic o ei s 
2.- dObliquL aerial photograph, showing unchanneld scabland leading to the northernmostcataract alcoves. Shadows fall to the right. Looking northeast. Photo by H. T. U. Smith.

hAP z 4.-GIANT CURRENT-RIPPLE MARKS
Fivgaz 1.-Two miles east of Odessa. Known to the writers only from the Production and MarketingAdministration's serial photograph AAO.-6C247 (herewith reproduced) and from descriptions of the firenorth of the road by Lincoln Co. officials. Scaled on the photograph these giant current ripple marks havewave lengths of about 250 feet. A considerable part of the glacial stream here was a Ceney-ralouse dis-tributary.
Facua r 2.-Chanel floor south of Warden cataracts When these ripple marks were made, Drumhellercarried a glacial river 9 miles wide. Photo by Ag. Adj. Adm. AAH 4 A-SO.

* I.

which the three channels wae trenched, and the
reason f" this trenching across a tract of earlierglacial-river deposition.

West of Ephrata channel a J-mile width of
andain, underlain by basaltic sand

and graule gravel only, lies 2S-75 feet higher
than the Ephrata channel head. It may be a

remnant of prelood outwash once lling almost

the entire width Of Quincy basin. But east of

twopanracne, no remnants of such a plain
survive frL'm the first episode of trenching. The
two upland tracts separating the three channelsdiffer in altitude by 60 feet. Both have theA-shaped groove heads on their southern
slopes, undrained depressions on their summits,
and long gentle slopes except where later
trenching has encroached on them. The western
upland has a subsidiary summit 70 feet lowerand more strikingly streamlined. The writers
can explain these broad hills only as having
been subfluvially molded and in no way owingtheir forms to subaerial erosion. But uncer-tainty remains as to what extent they wereactually built up where they stand.

The reason for the trenching in Quincybasin's glkcial river deposits by later rivers ofthe same character is found in the southeastern
outlet to th e basin, Drumheller Channels, andis treated in the follow-n I-

DRETZ " AL.-CIIANNELED SCABIAND OF WASHINGTON
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ad outwash once filling ahost
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no remnants of such I plain
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slopes except where later
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sidiary summit 70 feet lower
-ly streamlined. The writers
- broad hills only as having
molded and in no way owing
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' to what extent they were
.where they stand.
r the trenching in Quincy
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r is found in the southeastern
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VEL DEPOSTS
Shadows fal to the left. South.

io, from the lower left, by means
th of the coulee are also eroded

,bed on all sides, the eastern and
L-ae ealiche cap is shown by the
convex tops, lyin. southaest of
cd as the outlets to Bacon syn.
ying Ruw a1ad presumataly date
J .Agr. Adj. Adm.
J leading to the northernmost
T. U. Smith.
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DRUMIEL.E3 ClIANNFLs

MOps: Cerfus and Oikrle quads., US.S.
R4-5720, skeet 2, U.S.B.R.

(Breta, Smith, and Neff)

This tract of scabland (Pl. 7; Pl. 10, fig. 1),
the deepest dischargewiy out of Quincy basin,
is an almost unbelievable labyrinth of rock-
walled canyons, basins, and buttes about 9
miles wide and 12 miles long, eroded as much as
300 feet deep in the folded basalt of the Lind
flexure and the Frenchman Hills anticline. Its
magnitude and complexity cannot be cxplained
without the concept of enormous discharge
across it fr a Quincy basin, but its history is
more complicated than has ever been outlined.
It appears to record at 'east three times of
channeling in bedrock unprecedented except in
Washington scabland.

Folded with the basalt flows of the French-
.\0 man Hills arsticline was an overlying, weak,

edimcnt.ry formation. Portions of it have
turivey all fter erosion and crop out low on
the anticlinal flanks. Subsequent to deforma.
tion and much subaerial erosion came deposi.
tion of later Rin.sold sediments, still flat lying.'$

"Nell considers Low Gap (alt. 1510 feet A.T.)in Frenchman Hills aticline'(sec. 13, T. 17 N., R.14 E., Deverly quadrangle) to be a wind gap record-
ing drainage out of a . early Quincy basin. This view
requires two post-Ellensburg uplifts separated by along interval of er-sion during which the ear!y fold
was reduced to a r. aturc topography. The interpre-

S. 97S

It now appears certain that the site of Drum- ,
heller channels carried such a cover when the
fi't glacial-river discharge out of the closed
Qsiincy basin occurred and that the earlier
channels were superimposed from that cover."
Both east and wesz margins of the channeled
tract are sc: rps ir, sedimentary rock, in place.
nmore than 100 feet hi;h. One surviving hill of
this rock, 50 feet liil,; and similarly scarped,
stands about 2 miles out in the comj.!ex. In
the 12 miles of Drumheller's length, bases af
these scarps descend from 1300 to 97 feet
A.T. on the east side and to about 600 feet
AT. on the west side. Although water may
have lappcd up somewhat on these scarps,
the much greater weakness of thie sedimentary
rock than that of the underlying basalt indi-
cates that scarps were undoubtedly eroded
back and channels correspondingly widened
until the contact of the two formations %s
essentially at the edge of the tor:ent. By t
assumption, the surface gradient of water

-tation is based largely on the existence of 138 feet
of sand, cIlay and csliche in the floor of the gap. Its
b,.salt floor is abouut 175 fect above the surface of theQuimicy basin fill a rrc directly north, and approxi.niately 375 feet lelo. ti.e 1t.1s summit a mile to thewest. The.lack of stream gravel in the g.n is taken
to record an interval of subsidence and sedimenta-tion following the erosion but preceding the second
uplift which made the closed basin the glacial doodsfound. By this view, the sedr.nents in the cap areearly Ringold. Culver (193") thought that some
"Ringold" was !dcr than the f:lding of FrenchmanHills.

" Suggested by 3. P. Buwalda but, in error, re-
jected by Bretz (19.?c. p. 218).

PLATZ 5.-BARS IN UPPER CRAB CREEK VALLEY

FIG Uz 1.-Wilson Creek valley floor a mile above junction with Crab Creek. Looking southwest. Grainfeld crossed by road may be identified in Figlrre I of Plate 9. Photo by 11. T. U. Smith.
Ficvai 2.-Dar No. 1, looking southwa-d. Vegetation pattern outlines the current-ripple marks. Fosse,with cultivated field, lies between bar top and foreground scabland. Another cultivat:c tract, in lower left, isin the blocked mouth of a prescabland gulch marked VII in Plate 6. Bar without a nunmber on Plat. 6 lies inangle between Wilson Creek and Crab Creek, and its nood-eroded, 150-foot sca.p faces observer. Not visiblein photograph are giant current-ripple marks on summit ofthis bar. Photo by H. T. U. Smith.

PLATE 6.-BARS IN UPPER CRAB CRlrEE VALLEY

Bar No. 2 depends from scabland at upstream end, tapers out in midvalcy. Undrained fosse on southside is nearly as wide as creek-occupied valley bottom beyond the bar. U.rccoC-...ed until seen from theair are the giant current-ripple marks on this bar. Photos by II. T. U. Srmth.
FICUkE I.-Looking northwest
Ficuar 2.- Looking west

DRU~ivELrw i u
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escaping down the sosi.hem slope of the anti-
CIne -:aChed the surprising figure of 30-50 feet
per mile. Yet the volume of -he first discharge.
which removed the overlying sediments, was
sufficient to demand a width of 9 miles between
buunding scarps. Drunhclier at this earliest
stage %%as an extraordinarily wide c.*cadc over
,he edges cf the tilted basalt flows.

Some basalt also was eroded during this
first cpisodc. Therc are two ahanduncd cata-
r.'ct$ and *ccessiunal gurges in the castern lurt
of the gruup, 3-4 miles southwest of Warden
(Otlalo quadrangle), one on either side of the
isolated hill of sedimentary rock. QiO cataract
brink is 1270 feet A.T., the other, 1250. Each
is about 50 feet high. The western one has lost
its western portion because of subsequent
deepening to make rock basins 200 feet lower
in the basalt. At comparable altitude and with
similar height is part of such a cataract at the
scarp bcse on the west side of the curiplc, its
eastern portion destroyed by later d:tnicling.
With a very minor channel just cast of.Warden,
they are the only records of the first glacial
stream erosion in basalt at Drun.ldicr Chan-
nels. (Fig. 7; P1. 7.)

A siginificant item in unL. standing the
mechanics of scabland cataract retreat in the
vertically jointed basalt flows is the existence

- of a dike with irregular but nearly horizontal
columns holding up the caslern Warden cata-
ract lip. Plucking was not favored here, retreat
stUprpsd at the dike, and no horseshoe outline
of the I developed. Drumheller. great deepen-
ing occurred w, st of this dike.

The 300 feet of deepening since these Warden
cat. racts cperated is assigned to the same later
cpisdes fhat saw lacon syncline notched after
its high gravel was deposited, and Quincy
basin's early gravel deposit channeled. This
later deepening at Drumheller caused the re-
v- sal of bcha- ior of glacial water traversing
Quincy basin. The Warden cataracts are relics
of an early scabland Door in Drumheller, prob-
ably correl ve with the highest gravel in tho
Soap Lakc rim. Sequence in channels is well
shown in sections 10 and.13, T. 1 N., R. 29 E.,
v here the channel tclow the Warden cataract
is cut off by, and hangs 100 feet above, a later
and deeper channeling. The floor of the hang--
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e rock basins 200 fcct lower

comparable altitude and with
part of such a cataract at the

west side of the complex, its
estroyed by later channeling.
r channel just east of Warden,
y records of the first glacial
I basalt at Druniheller Chan.;

'te in understanding the
blind cataract retreat in the

l flows is the existence
j . but nearly horizontal

up the eastern Warden cata-
"as not favored here, retreat

ike, and no horseshoe outline
ed. Drumhcller's great decepcn.
t of this dike.
deepening since these Warden

d is assigned to the same later
11acon syncline notched after

was deposited, and Quincyavldrixsit chiannleledl. 1*1,
at Drumlkcller caused the re-
or of glacial water traversint
*Ic Warden cataracts are relics
and floor in I)rumhellcr, prob-
with the highest gravel in the
Sequcnee in channels is well

1 10 and 13, T. 10 N., R. 2S Z.,cl below the W'arden cataract
I hangs 100 feet above, a later
tnng. The 1oor of the hang..

ing channel shows giant eurrent.ripple
(P1 4. fig. 2).

A dam (O'Sullivan) 3 miles tong.structed by the Blureau of Reclamation
the entrance to tie lowest f t I

Channels, will ispound water up to 10S

AT, and thus raise the evel of oss
s feet. A huge gravel pit in the ousth psectiois I and 2, T. 17 N., R. 28 E. was stbefore it was subncrg.l under this reset

The hit is itI thye fl.t above tI ese
of the united ocky hrd and Willow Spchannels, a scarp subsequetltly cut intolocal drainage from Lita Coulee.

The gravel is mostly of wellwor. peblescontains cobbles and boulders up to 2!sin diameter, some sporadically distribuothers aggregated in strata. Caliclie peb
and granules are well distributed butconspicuous constituents ITe struct- throughout the 40-foot section is thct odelta, with long uninterrupted, southcdipp

fore-sets capped by a few feet of top.st p
tudc of the flat is a r ta psets. A
100 feet above tle near-y lowest c3trf.oors leading tu lrumieler The stc a i
clearly crosional here as it i i The scarp is
lllostsL-. h.e$ad s in the latitude

*o~ . Ie.l'lie delta deposit therefire is thsouthernmost portion of that upper flat an
antedates latest use of both the Rock y Foand Willow Springs channels in gravel -oerosion of the dcepst of the DrumhelheChannels in basalt. The 1070 contact of t.sets on fore-sets records the approximt

bottom at the time of diposition. It "as about
200 feet o% r than the initial discharge over
Warden cataracts. This 200 feet of roid have occurred during the first dischargesouthward out of Quittcy basin, but more prob.

A MY th dilt~i is a later overlay (say, at Ephrata
C1111ui.1 tiill) n tle sloutlrt prirtj,)i of
Quiticy basii's earlit.st and lhighest gravel, with
the contact as yet unrecognized.

Whatever its age, there was a basin here to
receive the delta. 'he basalt of Lind flexure
di s enlotu alt trench mig at this p lace, but the
sedimentary cover must once have been pres-
ent. Only flood erosion of a channel.bottom
hole could 'avs retMoved this weak rock before
Drumneller ,as notched below about lO(O feet.Knowvn thickness of gravel in this basin is

977
marks 128 feet. Thus tie deeper, lat,. channeling in

Drun-lantdr contemporancous with Rocky
Can- Ford anid "'110-, Springs lat, channehinL

across am ounted to m tha n 10 fet.hcller Ae More than 100 feet.
h e lt e tte m p t r to e s ta b lis h a p r o f ile n o r th w a r d2ke t northeWrn den cataracts to the highest gravel
e in ory e ic y basin have not bec.t satis.

irt Of actory because terraced surfaces are lacking.
did A correlation, however, seems logical, and, if
vor. corrct it appears that a large proport ion of the
c r p s c alao d g r a ne t l a s m a d e d u r in g tile r t

rings flood down Grand Coulce, Crab Cr,k, and
by other glacial tribuLaries to the basin.

If this be correct, then either the spectacular
but erosiol if Grand Coulee as consummated
feet early or great quaitiies of basaltic debris
led, went across and out of Quincy basin during
61o3 later floos Tnat the second alternative is
not Correct is strongly s~ etd b h m znure number of enyormo ste by the amazinge numher ofy enormous granitic boulders along
fna the Rocky Ford and IVillow Springs channels
Ing some of tem 10, 15, even 20 feet in diameter.
Iti, Te granite far ess conspicuous in the higher,

older gravel and in the earlier abandoned
lEphrata clannel, presumnLly came down

SGrand Couc after its great upper cataract
Of tad rc trca d ast Stcan ,Loat Rock a id un.
e covercd thc suL~basa!t granitr, hill tops nowd so conspicuous in the head of the great coulee

d (Bretz, 1932, Figs. 33-37).
r

UPEa CAB CREEK

MOps: R4.572O, s)ed I and 6-511j, U.SER.

(llretz, Smith, and Nef)

Gewera! Statennt
Several glacial rivers entered Quincy basinfrom the cst (pt. I0 The largest was UpperCrab Creek, leading southwestward across ilenorthern divide from the rcglacial Spskaieand Columbia valleys. Smalr but highly sig.nificant ones were Rocky, lowers-Weber andLind coutces, distributaries from the largeCheney-Palouse tract.

Crab Creek carrid the discharge of seven
glcial rivers fr.n the northeast and five

S;tAllOvcr distribut.,rits !rrm the Cheney-.a
louse tract. Alhouh it alreadyhchad a valleydee i baal, at se-ne time Crab Creek had

louse tract. Although ~t already had a valleydeep in basalt, at se-xe time Crab Creek had

DRU?.IIIELIE CHIANNELS
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two broad, uncanyoned, spillover distrib
Across the upland south of it and lead
the east side of Quincy basin. One(Flint, 1933) calls for so much agrada

glacial strecms in preglacial valleys !,atspilled across iterfuve tracts. Later re

of most uf such fAll has largely restoer r
of the original valley . rUppe ed ca

valley contains great gravel deposits whic
that theory, are but terraced remnants ofa fill. An excellent place to test this idea
vicinity of W 'Ison Creek's u* to witCreek, locate-z; t C i winh

Plate 8 is a 2-foot interval contour mapsections in T. 22 N., R. 29 E., made byBureau of Reclamation. The scabland cy
on it Was mapped by Bretz and Smith. B
(192fa; 1928b) has Published descriptions
igures Of these deposits, identifying them
iver bars so greatly exceeding the magnit

of knownt river barse that some alteriaseemed calkd for. But this eltraordini
revealing map and the aceompaonying aephotographs should make clear te impo
bility of defending any alternative.

Bar o . , directly north of the town
Wilson Creek, has a broad summit 12 "'above vAlley boto rodsmi 20 fe
abverlle bo-ttom with linear undulatio

transverse to alley length and averagig
feet high and 2S feet apart (Pl. 5, fg. 2). T
upstream (eastward) slopes of the low ridg
are betWee 7* and 9, the downstream slop
Are 19-22* NO excavations exist. Oly r
dium-sizd pebbles lie on hesufe 11C

p h he Pattern of these asym
metrical undulation, to be that of eurreni

i ies, w eakest at the .nds farthlest'froin tie
cnt cf te salley, strongest on the brink of
the descent toward that valley. Two shallow
undrained sags lie between the ripple-marked
top of the bar and the scabland wall north of it.
This bar tapers and lowers toward the ~West,continuing to hug the north wall of Crab Creek
valley but having another shallow~ undra inedsag on its north side. Two capacious ravines inbasalt were blocked by the bar's growth, andsubsequent drainage has cut much narrowerravines across the gravel blockades

Bar No. 2 (Ps. 6, 8) lies along the southi sideof the creek valley opposite the western end

978
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utaties of Ba- No- I It can be well seen from State
tg Eto scighway 7. It extends westward from the
theory Scabland ledge carrying the highway, lying
ionr beymost wholly Out On the valley floor. The fosac
water between it and the ledge covers about 40 acres

moval1 and was a closcd deprcssiou, 10-14 feet deep
pacity before the railroad grading"

Creek A gravel pit low on the north slope of the
:h, by bar shows uninterrupted deltalike fore-sets
such dipping diagonally down the slope and down

is te valley. Another pit, at the extreme east end

Crab close to t e Las of the basalt cliff from whic h
pro- the deposit depends, shows an anticline-likestructure of steep, long fore-sets for the full

of 12 height of this end of the bar. Ifighly angular
the basalt boulders up to 8 feet in diameter filogy almost where they fell from the downstream.

retz acing cliff into the growing gravel deposit
and This bar summit is more than 60 feet above the

as fosse on te s uth and nearly 80 feet above the
ude sat valley bottom on the north. The down-
ive stream tapering end is a quarter of a mile out
rily in the valley from the nearest scabland wall.
rial ar No! 3 (P . ), also on the south side of*S- the Valley, shares with No. 2 in enclosing the

fosse back of and between them, and rises 94
of fee' a. ve that depression in a quarter of a
t mile It is made irregular by a scabland shoulder

ns which projects northward into it and rises
10 above it as a knob of bare rock. Just beyond
e that is A small fosse in the bar summit. Thence
es the bar tapers down to valley bottom with

another fosse, an eighth of a mile wide, between

it and the scabland of the valley's south side.. A large shafw pit on the bar summit shows

*no structure but reveals many large, angular
basalt boulders, S-6 feet in diameter and one

de it granite boulder. The remainder of the

eo sit i com p osed o f p eb b le a n d sm all.
coLsle gravel fa ly well worn, with almost no
sand o r granule travel The nearest upstream
source for basalt boulders is a knobby scab.
land Lesch 3000-4000 feet distant, its summit

no higher than that of the bar. 1f this gravel
hill is a constructional form, these boulders hadto cross the fosse and then be rolled up thestoss end of the bar to the summit, nearly 100

feet higher. If it be an erosional remnant, and a

stream ed such as Flint has Postula:hd onceexisted for them to travel on from the scab.
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moved more than half a mile n no gradat all. Transportation by floating ice mult
invoked unless the glacial river had a velo
competent to move them either on a leveleven upgrade.

The valley bottom between Bars No. 3 1No. 4 (P. 8) is redured to only a third ofourth of its average width in this townsh
This nauiows, confined only by gravel, is
explicable by the fill-and-dissection theo,Even the empty fosse south of the west endlar N,. 3 is neaily twice as wide as the n.rows occupicd by the creek. The outline of t
pescabland valley is readily recognized fruPlate 8, and tie narrows immediately becom
understandable if Bar No. 3's distal tapgrew downstrean from an anchorage on t)scabland shoulder in its mid-length. Crossectional room for the central bottom current
the glacial river was provided on the proximiend of Bar No. 4 where, over about 40 acrethe deposit grew only 20 feet above the vallebottoom. A third of a mile farthcr down valle)the summit of Bar No. 4 is nearly 100 fee

above valley bottom on either side. Length othe Cravel hill and accompanying fosse ismiles. The streamless f.,sse to the north i!nearly twice as wide as the creek-occupied parof the valley floor. Bar No. 4 lies in mid-valleydoes not make conwact with either side exceptat the very head.
This bar is defended by a splendid exampleof "trenched spur buttes" (Dretz, 192Sb, p. 472,Fig. 23) where the tip of a preglacial dividebetween the main vallky and a tributary fromthe nerth could not be tolerated by the glacialriver and was plucked and notched by bottomcurrents into a linear group of ragged scablandbuttes. The Creat Northern Railroad traversesthe length of the fosse and crosses this dividetip by one of the notches (Pl. 8) Only simul.taneous functioning of all the n, tches couldhave produced or maintained the width of thefosse at its eastern end.

These streamlined bars assuredly arenotterraces with outlines softened by subsequent
slope wash. Their shapes and their fosse de.pressions cannot be due to leisurely erosion bylate-rlacial or postglacial streams. But maythey not be remnants of a formier valley fillwhich blecame gouged into the present topog-

sent raphy beneath a flood or noods of the character

be ad tuonr Grand Coulee. Quincy basin, and
ity Drunhcler Channels? May not the bar furmsI or be erosionall instead of depositioewjn The con-

position and structure and the existence of
rd fossae seem to debar that interpretation also.
S Mese features do not fit Allison's ice-jam

pi . theo y wlae 'eby properly located blockades inin- the glacial river laterally detoured the escap.
ry. ing water around the edges of the dams to

of make the scabland walls and to erode and re-
la r build rcminants of an older, hi -.4 level gravelhe iint, bar fuumns. Allion's idea woulJ bete
ll exlain these features of Upper Crab Creek ifes his ice jam were placed somewhere upstream,er and the alter:ations tor which it was responsible

se were ascribed to a flooding downstream when

S. the dam finally gave way. Judged by his inter-

af pretation of trenched spur buttes in Snake
so River canyon, he would make those of this

, tract either abandoned preglacial courses ofy Crab Creck or ice-jam "run-arounds."

1, But these Crab Creek brs are not high
e nough on the valley slopes for Allison's theory.

S hcy are not perched, their bases are essentially
I o tIe valley bottom , !00-200 fe t lower than

the Lcttrims of most of the notches. They donot cositaim any old gravel maternals and areembarrassingly in the way wherever one may
wish to place an ice jam. The features near
Wilson Crerk cannot be thus explained.

Compar . toot with Yakimo Veaiy Graol Depositr

A comparison of the topography, composi-
tion, and stru-ture of these scabland gravel
deposits "ith remnants of an extensive, deepgravel fl in Yakima Valley near Ellensburgare illunr-iating Drainage areas of YakimaRiver above Ellensburg and of Upper CrabCreek are approximately the same. The YakimaValley deposit is definitely older than CrabCreck gravels, but b-oth, considered as once.

continuous valley fills, have been subjected toerosion by glacial and postglacial water.

Te Yakima gravel is terraced in two veryo.finite levels. The lower terrace has as flat asurface as the modern flood plain. Erosion by
local runoff is essentially nil, and the tcrrace is

w Itng a ay only from lateral attack by the
liver. This is the identical procedure of the

UPPER CRAII CRtEEK
979
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fi-and-cut theory. The upper terrace has a
dissected margin of mature slopes but, back
from the valleyward edge, is almost as flat as
the younger terrace. There are no rcsidual hills
isolated un the upper terrace, and only one was
seen on the lowcr. It stands so near the break
between the two terraces and has such gv;,tle
slopes that it clearly is but an outlier of the
upper flat.

Many highway cuts show the gravel of both
terraces tu be well sorted and well worn, far
more so than most scabland gravel. There are
some included sand lenses and strata of small
boulders. Sorting and wear rc.emblc that
typical uf tcalitand gravel only near basalt cliffs
along the narrower part of Yakima Valley
above Ellensburg. Here the gravel may be
rather rubbly and contain large, angular
boulders, obviously fallen front these cliffs
during the aggradation. Stratification is hori-
zontal almost everywh-re, with only shallow
fore-sets if any. Nothing resembling the long
fore-sets of scabland gravel was seen.

The dendritic pattern of the sinpe separating
the two tearaces resemblcs nothing in scab-
land gravel topography. Dissection of the
Yakima Valley ill here is a textbook example.
Comparison of topography, composition, and
structure with scabland gravel deposits is all
contrasti Yakima Valley never had a Lake
Missoula typc of flood, and no barlike f-rms
were trade during deposition or dissection of its
gravel.

Bars in Wilson Creek Valley

Bars up Wilson Creek Valley a short dis-
tance cast of the mapped area carry even
better-developed giant current ripples than
those on liar No. 1; maximum relief is nearly 20
feet. They occur at three levels, ranging from
the br"rd valley bottom itscf to the highest
bar summit %here they are close to the upper
scabland, 150 fect above the valley flor.
Ripples of the lowest group have wave lengths
averaging 300 feet (Pl. 5, fig. 1; Pl. 9, fig. 1)
and are most conspicuous where partially sub-
merged in a flood-irrigated tract. Bcecae two
definite erosional scarps in gavel separate the
three ripple-bearing surfaces, three floods are
read from this topography. flxcept for cutting a
narrow trench, postglacial Wilson Creek has

I

-j

done nothing to modify the valley floor, and
existenee of the ripples across the entire bottom
proves that the last glacial river to use this
route was not one of the leisurely meandering
streams of Flint's concept."

Giant current ripple marks are difficult to
see at ground level, even aerial photographs fail
to record them if the surface carries a good
cover (if sage brush (l'l. 4, fig. 1). The ripples
ho .,n cvr a bL.r about 2 rnih-s cast of Oa,

some 25 milcs up Crab Creek from Wilun

Creek jurction. There are 13 of them in a
distance of 3300 feet. The clear depiction north
of the strai;;ht east-west line, a rnial, is due to
a brush fire shortly before the pitogralph was
taken. Irush on the south side of the road was
not burned, and the ripples show so faintly
that they could well be overlooked.

The wArisers do not rest their case for enor-
mous glacial rivers on current ripples alone but
are convinced that only Pardee's interpreta-
tion (1942) for the Lake Missoula features will
account for the ripple marks near Wilson
Crct tovwn."

BLAcK Rocx CoL.EE

Reference has been made to two wide tracts of
not mrakedly canyoned scabland in the down-
stream angle between Upper Crab Creek valley
and Quincy basin, high above both lowland
tracts (Fig. 8; Pl. I). The southeastern of these
divergences, Black Rock Coulee, takes off from

-he creek valley about midway between Marlin

1 Flint came close to recognizing giant current
ripples a.d thus to destroying any validity his
hypothesis then appeared to possess. On page 477
(193S) he s: d "litre and there the fill surfaces (of
his 'uosio.al remnants') are marked by faint ridgis
up to several hundred feet Ion., 20 to S0 feet broad
and a few feet high. It is quite possible that some of
these are at least in part constructional...." But
"none of these forms, even if constructional, cor-
stsiatutes, in itself evidence of deep streams".

a Suta;ucous "sand waves" of this size have
been Lncn. in the Mississippi River for more than
So years (Lane ard -iden. 194). in flood %aters
SO- 90 feet der.F. But Loth regressive and progressive
s.-,. aves fal to surv:ve as flood velocity and depth
dcecrcase (Bu:her, 1919). The features here descriLed
did survive, therefore are true current ripples. Un-
rippled ori surfaces of scabland gravel deposits
sa.paren~t;y c not experience a suiliciently t.i;h
bottoji velocity at clo-e of deposition. An interest-
iii si.Ie!jl.t en the hydraulics of these glacial rivers

iAl alpiar .hen the giant current ripples are given

careful GCtailK s-dy.
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BLACK ROCK COULEE

-- the v3lCy fA.or, and
the entirC buttom
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the surface carries a good
It (P1. 4, fig. 1). The ripples
alug 2 miles east of Odessa,
i Crab Crcek Irslin Wibl.
Mbere are 13 of themil in a
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a Late in scabland his-
* sit with eastward-(up-

: fore-sets recording backfill
a (Fig. 5). Silts overlying the
ravel for 10 miles or more uP'
t the creek valley was ponded
of the bar building. The gravel
tion by State HIighway 7, is
feet thick. Crab Creek has
t a narrow gulch through it.

episode must post-date all
Sarge down Crab Creek. It is
with the last functioning of

6f than the deep notching in
of Bacon syncline. It must

,on of Upper Grand Coulee's
and the final capture by

all Cordilleran glacial drainage
au.
titutivig a fiat-topped and still
valley fill, the eastward-dip-
this Crab Creek deposit and

t debar its interpretation as a
hypothetical aggradation. It is
I explain as the con equence of
gravel was carried tp;.dfey in

:er course.
cy-mouth dam is correlated a
c by State Highway 7 a

the dam. It lies almost
try Coulee, its summit at about

:.s that of the dam. The bar
,: the channel on the west, 50
in the east, and 80 feet above
closed deprtssion immediately
in its western slope shows long
ipping west toward the smaller

:ing channels.

-Wzra, A LINo COULEES

.ae, Othelle Schag, Wheeler
pi U.S.GS.; R-5730,

z, Smith, and Neff)

of these cnulces are crossed by
.ast Low Canal (PI. 1) where
t.pn;raphic mapping by the
-Ati-n have revcaled some in-

e scabland picture. All

ROCKY, DOWERS-WEIIER, AND LIND COULEES

three coulecs are distributaries from the eaten-
sive Chcncy-Palouse tract and in prescabland
time all headed on the west side of a divide
which was crossed during the scabland making.
Flint (1938) made this divide crossing possible
by aggrading the Cheney-1 alouse tract with
glacial outwash dt1 osited under ordinary con-

ditions, disputinC Breta who had earlier re-
peatedly called for enormous volume to explain

the divide crossings.
The entrance of Rocky Coulee to Quincy

basin is narrowed to an eighth of its width a
mile farther upstream and about a fourth of its

average width for the first 10 miles above the'

constriction. A closed depression occupies the

coulec floor for the first 2 miles upstream. Its
bottom is 100 feet higher titan that of Willow
Springs channel half a mile to the west, and its
drainage (when it ovcrflows), after passing the
constriction, turns south and flows parallel to
the Willow Springs channel, but on top of the
scarp, nowhere more than 3 miles back from the

brink, until the scarp dics out about 6 miles

to the south. Even there, Rocky Coulec's drain-

age continues its lateral course, refusing to join

the main drainage south out of Moses Lake for

5 more miles and finally entering Drumhcller

Channels as a part of Lind Coulee discharge.

T .,s, with Black Rock Coulec's detoured
drainage there is a total of 18 miles of this

anomalous southward flow closely parallel to

the Willow Springs channel but well above it

and nowhere descending its scarp.
The topographic map suggests, and field

examination proves, that Rocky Coulee drain-
age, beyond the constricted entrance to Quincy

basin, is kept from spilling over the Willow

Springs chan: el scarp by a long, low barricr of

scabland . ravel which tops the scarp and slopes
gently eastward away from it. This barrier is
most pronounced 2 miles southeast of Moses
Lake town where crossed by U. S. Ilighway 10.

Figure 6 shows a form resenibling a wide spit

pointed south with fingers recurved castward.
The highway cut on its eastern (le) edge shows

only loose basaltic sand and granule gravel. No

structure is revealed. On the flat immediately
to the east, roadside and irrigation ditches show

caliche in situ for several miles eastward, and

only the lack of a loessial cover here suggests

alteration by glacial water.

Directly east of Moses Lake town, a large
pit in this barrier shows coarse, material at
1190 feet A.T. with some boulder of basalt and
caliche but no interbedded sand or silt. The
conclusion that the barrier is a natural levee
type of bar and that it grew laterally eastward
on to a higher marginal surface scems incscapa-
Lie. T11, f.ature which constricted and de-
toured ocky and Black Rock coulces is a part
of the high gravel plain, older than the deep
channeling across the basin. Where crossed by
Ilighway 10, it is 80-100 feet lower than the
Warden catiract lips. Either it was built after
lrubaileller had been considcrally dcelwied or
it was dt sited in water 75-100 feet deepv The

bar form is readily identifiable for 6 or 7 miles.
The luwer few miles of Dowers-Weber Coulec

(PI. 1) carries a silt deposit, well exposed in
road cuts along U. S. HIighway 10 cast of the
caliche-covered plain above-noted and con.
spicuous as far east as Schrag (1244 feet A.T.,
1'l. 1). The deposit consists of alternating sIlt
units, one finer than the other, each perfectly
sorted, each with crinkly laminae that look
like weak current recrds. The finer-textured
men.er ia prevailingly thicker, reaches a max:-
mum of 18 inches, and is lighter-colored. The
coar'er si't grades up into the finer. Berg-
drposited lenses of coarse sand containing non-

basalt pebbles and a granite boulder 15 inches
long indicate deposition in glacial water.

These sults lie only a li'tte lower than the
Warden cataract lips and should be correlated
with their functioning. Ponding north of and
below the 1250 Warden sill seems to be recorded
while nonflood glacial drainage was arriving in
Q,.incy L-oin, perhaps during the closing stages
of the first flood episode or the early stages of
the seco.d.

Lind Coulee is crossed by the East Low Canal
4 miles cast of Warden. Two siphons are to be
used, a scabland butte (the summit of Lind
flexure) in mid-coulce carrying a short stretch
of olpe canal between them. The south end of
the southern siphon terminates in a gravel de-
posit (altitude 1217 feet AT.) on the cOule
slopes %. tre excavanons expose a 20-foot sec-
tion soon to be obliterated by back filling." The
material is all fine gravel abd coarse sand, per-

I Eaploration for foundations here penetrated 88
feet of gravel.

J-d" 2-

993



SCA3I.AND OF VASIllNCTON984 BRETZ ET AL.-CZANNELED

haps 20 per cent caliche bits, the remainder
bluish-black basalt, stratified in repeated
courses of short fore-sets which without excep-
tion dip away Ir m the open Lind Coulec and
toward the :djacent, small, tributary valley.
.ie topography hcre looks like a rounded-ofi
terrace, and, at first glance, the structure i-ud
composition seem to support that interpreta-
tion.

lut the Vey to understanding the dcposit is
in the cnnsi.tcntly 5- to 10 degree coulee-ward
dip of the difierent nearly horizontal courses.
They dip parallel to the surface slope, cach
course inclined in the opposite direction to that
of its component fore-sets. Alt strikes parallel
that of the slope. The deposit is a typical river
bar marginal to the central current, its accre-
tions swept back up and out of the nain cur-
rent arid added to the accumulation in a pro-
ttcted re-entrant. The bar originally dammed
the minor tributary here and extended at least
3000 feet farther down-coulce, grading into
iamer material with less-marked stratification.
It must date bick to the function;ag of Warden
cataracts.

Twenty-five nslcs farther up the coulee and
a mile cast of the town of Lind, at the junction
of two glacial rivers (Pl. 1), the floors of three
pits in scabland gravel are so covered with re-
jected boulders that one may cross without
stepping off boulders. They average 3 feet in
diameter, a few . rc 6 feet. Almost all arc clearly
from large-columned basalt knobs in sight up
the coulee. Among the bruised but unrounded,
unsmoothed ba-alts was one angular granite,
3 feet in diameter.

At Ritzville (11. 1), near the divergence of
one of these coulees from Cow Creek valley in
the Chcncy-l'aluse tract, a poorly sorted,
buuldery gravel lies on the floor half a inile
downstream from a low, channel-bottom, basalt
knob. The very little-worn boulders arc fortui-
tously distributed in the deposit. Some are 5
feet or more in diametcr. One 3-foot q.iartzite
boulder was found. Poorly developed fore-sets
dip down along the ijulce.

At Ralston (l'. 1), near the divergence oi .he
other coulee frum Cow Crcrk valley, is a similar
showing of bouldery gravel on the channel
floor, wtith fragmnts up to 3 feet in diameter.
There arc no basalt outcrops near by. Neither
here nor at Lind or Rit7ville is there any body

)

of finer, well-sorted material. It is all coarse,
comparable, except for the boulders, to that
shown in Flint's Figure 2 of Plate 2.

Both Ralstin and Ritzville tell the san.e story
that was read at .ind. Glacial torrents capable
of tearing large blr,cks ol .sat loose and trans-
porting tht in alung ti.e low gradiCnts of the pre-
glacial coul' cs left tfhese records. Such bouldery
stream deLris derivcd and transported on such
gradient (alout 25 fczt per mile) cannot be
ha;rnincii; %.it Ii !r t's theory of modera'c
streams.

Floors of the coulee heads near Ritiville and
Ralstnn hang 50-75 fL.t above the bottom of
Cow Creek valley, %Nhich is bt~ a modlifrd pre-
glaciai druinage way. By the hypothicis here
advocated, the larg:e scablaid tract w.s under
water d(eepl enough to reach the top of the
former divides in lcess. These boultrs were
dislodged from parr.t ledges by .he dixtnibu.
tary streams In .e absence of steep grtolent,
olly great alurne %.:l suiTcc for the velocity
indicated. A basalt bench -t least 50 feet above
the coulee fl.or at Li:-i carries sca!hnd gravel.
This highly>.g, dA .crossing distributary
sluld have Lecn atar.dned at the very begin-
ning Of I lnt's disection episode, and its SO-
foot fill should sul; be intact.

If several floods traversed the Chcocy-Pa-
louse tract, some dccpcning of Cow Creck's pre-
glacial vallky I; occurred. The evidence
at the mouth of ! -,ers-Wcber Coulee is that
no flood carie d,:: i: from the Chcncy-Palouse
tract after the 1:t..g episode, witch is corre-
lated %%ith tE fi:i: f i. Quincy basin. There-
fore, these h.ihly-g, distrilutary coulces bc-
to en Crab Creel: the .r.th and Washtucna
Coulee on the oth a.e Le!icved to have been
occupied orly dur:.; an ear'y scabland making.
if so, r c!v.:d of any hy-pothetica! gravel fills
must be dated fr.= that sarme early episode,
before the Boo%% - .'cber si:ts were deposited.

WESTEMW PAR- 07 Qt'cvCY BAsIN AD
ADjACLm CGcta'1A Rivxt VALLE.

Colockum Pa.-, Jifcga, Quipicy quad. mops,
U.S C :d L.S I1R map R4.57-0,

nee I

(Brety, Smith, and Neff)

Babcock an d E.erZreen ridgcs constitute one
long, luw, :?.-'..', structural elevation

-
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haps 20 per cent caliche bits, the remainder

bluish-hilack lasailt, stratified in repeated
courses of short fore-sets which without Cesep-

tion dip away from the open Lind Couke and
toward the adjacent, small, tributary valley.
The topography here looks like a rounded-off
terracc, and, at first glance, the structare and

composition seem to support that iterpret4
tio...

i.ut the key to understanding the dnosit is

in the consistently 5- to 10 degree coulec-ward

dip of the different nearly horizontal courses.

They dips paralel to the surface slope, each

course islined in the optasile direct ion to that

of its component fore-sts. All strikes parabiel

that of the slope. The deposit is a typical river

bar mareinal to the central current, its accrc-

tions s%%ept back up and out of the nmain cur-

rent and added to the accumnulatm its a pro-

tected re-cntrant. The bar originally dammed

lhe minor tributary here and cxtended at least

3000 feet farthcr down-coulee. grading into

finer material with lesrunarked stratification.

It must date back to the functioning of Warden

cataracts.

Twenty-five miles farther up the coulee and

a mile cast of the town of Lind, at the junctiot

of two glacial rivers (11. 1), the floors of thro

pits in scabland gravel are so covered with rc

jected boulders that one may cross withou

stepping off boulders. They average 3 feet ii

diameter, a few arc 6 feet. Almost all are cua:

from large-columned basalt knobs iti sight u

the coulee. Among the bruised but unroundc

unsmoothed basalts was one angular graniti

3 feet in diametCr.
At Ritzville (P1. 1), near the divergence

one of these coulces from .ow Creek valley i

the Chency.Palouse tract, a poorly sorte

bouldery gravel lics on the floor half a mi

downstream from a low, channel-bottom, basi

knob. The very little-worn boulders arc fort%

tously distributed in the depvsit. Some are

feet or more in darncter. One 3-foot quattr

boulder was found. Pon:ly developed fore-si

dip down along the crulec.
At Ralston (PI. 1), near the divergence of t

other coulee frum Cow Creek valley, is a simi

showing of bouldery gravel on the chan

iioor, with fragments up to 3 feet in dianwt

There .rc no basalt outcrops near by. Neil

here nor at Lind or Ritiville is there any be

of finer, well-sortcd material. It is all cuarse,
cjIro rable, cept fur the boulders, to that

shown in Flint's Figure 2 of Plate 2.
Both Ralston and Ritaville tell the same story

that was read at Lind. Glacial torrents capable
of tearing large blocks of basalt loose and trans-

porting them along the low gradients of the prc-

glaciAl coulees i-ft these records. Such bouldery
stream debris derived and transported on such

gridients (about 25 feet per miile) cannot be
harmonized with Flint's theory of moderate

Floors of the coulee heads near Ritzville and

RaItun hant 50-75 feet above the bottom of

Cow Creek valley, which is but a modified pre-

glacial drainage way. By the hypothesis here
advocated, the larger seisbland traict was under
water dcp enougl to reach the top of the

formecr d.vides in loess. These boulders werc

d.,.ouged from parent ledges by the distribu,

tary strcams. In the absence of steep gradicnt,
uily great volume will suffice for the velocity

indicatcd. A basalt bench at least 50 feet above

the coulee floor at Lind carries scablana gravel.
This high-lying, divuie-crossing distributary

I should .we been abandoned at the very begis-

niog of Fnt's dissection episode, and its 50-

foot fill should still be intact.
- If sccral floods travcrsed the Chency-Pa-

t louse tract, some deepening of Cow Creek's prc-
i Glacial valley probably occurred. The evidence

y at t pe outh of Bowers.Wcbcr Coulee is that

p no foxcd came down it from the Chenicy-Palousw

tract after the silting episode, %%hich is corre-

lated o.th the first flood in Quincy basin. There-

fore, tltc hi;h lyiing, dittrilutary coulees be-

)f tne:cr. Cra.b Crek on the north and Washtucna
.n Cule.: on tre soth arc believed to have bcen

. occupied only during an early scabland maling.

Ic If so, rcmoual of any hypowhetical gravelfills

it must be datcd from that sane early epiode,

ii. before 0.e Bowcrs-Webet s.!ts were dcp-.sited.
5

t NEsTERN PART or Qt:tecy BAsIN A ND

ADjAcr.eT CoL 1ts A RivEr VALLEY

Coloclums Pass, Malaga, Quinicy quad. maps.
he U.G.S. and USBR. quap R4-5 720,

lar shrci I

nel (Bretz, Smith, snd Neff)

licr Babcock and Evergreen ridges constitute one

idy long, low, north-south, structural elevation
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WESTERN PART OF QUINCY DASIN AND ADJACLNT COLUMIIA RIVER VALLEY 985

separating Quincy basin from Columbia River
valley, cut into two by recession across it of the
huge double Putholes cataract, nearly II miles
in total width. (See Pl. 1) The two ridges are
actually the tue of the much greater uplift west
of the Columabia ('able ?.ountain), amputated
by the river in maintaining its antecedent
course. Of several sags in the elongated summit
of this ridge, two more (Crater and Frenchman
Springs) also bccamc dischargeways to thc Co-

lumbia. Just west of cach sag, the water plunged

several hundred feet over the valley's castern

wall. Two of the cataracts thus engendercd
(Potholes and Frenchman Springs) receded es-

sentially the full length of the notch across the

ridge, but the thid and smallest (Crater) re-

treated so little that its channel in the floor of

its notch is still largely intact.
At the head of all three spillways, the Quincy

basin surface slopes eastward away from Bab-
cock and Evergreen, so that channcl-bottom
altitudes are readily obtained. Crater's channel

head is 1280, the other two are 1210. But the

original notches were so modified that estimates
of initial altitudes found by the discharging

water may vary with the observcr. Bretz has
long maintained that the cataracts %%crc con-

temporancous, with the upper limit of stream
t-- -hing in cach notch at about 1300 (the same

a. at W'arden cataracts), and that the 70-foot
higher altitude of the channel to tle smallest
falls is the result of less volume and briefer use.

One of three conceivable alternatives to this
idea of contemporaneous functioning is Nein-

zer's assumption of a remarkable coincidence in

subsequent warping %hich brought the cataract

upper limits into approximately the same hori-

zontal plane. Another is an equally remarkable
rotating succession of unrecorded ice jams. A

third alternative is that, at the time of cataract
discharge, the basin possessed an evenly graded
alluvial fill leading from the mouth of Grand
Coulee down to the three outlet places, and
that shiltings of the detoured glacial (but non-

flood) Columbia on this aggrading plain rnade

possible a succession in use. Such an occurrence
wou!i be recorded in considerable remnants of
the plain between adjacent spillways lying at

the altitude of the highest channel scars and
sloping up back into the basin.

But the slope of the plain, 10-20 feet to the
mile, is down toward the southeast all the way

to Ephrata channel and Frenchman Iills. It
certainly is tnot the original slUpe of an outwash
plain leading to the cataracts. Furthermore, it
is largely unchannceld and in 25 50-1oot U.S.
D.R. test holes boulders have been found only
close to the cataracts' channel heads. Its castern
part is heavily c'vered uith basaltic sand and
granule gravel, and the western par. is com-
posed mostly of sands and clays with a heavy

caliche. T%%o caliches separated by sand or
cenicited gravel in some holes indicate prc-
scallalnd origin. Tue cataract channel lhacds are
cut into a caliche cap.

The castern portion may be part of a normal
outwash plain, but its slopes indicate drainage
out throu~h Drumhclier before lphrata chat'-
ni time, not by way of the cataracts. Thus the
falls may date from an early flood, after which
ordinary mcitwater discharge from Cordilleran
ice may have built a plain in Quincy basin ad-
justed to Drumhcllcr's depth at that time.
Later floods tlhen destroyed all but the extreme
wcstern part of this plain. Only the freshness
of the cataract fatures (P1. 10, fig. 2) seems
out of harmony with this sequence.

A gravel deposit with most surprising struc-
ture lies on this plain a few miles southeast of
the head of the Potholes, well exposed in a
large pit (SW 11 Sec. 32, T. 19 N., It. 24 E.) a
mile cast of the former post offiee of llurke. The
material is coarse, with many basalt cobbles
and some boulders whose diameters reach 511j
feet. Caliche boulders 3 feet in diameter are

present, also several large granites. The strati-
ficatinn is dominantly highly inclined with dips

toward the east, southeast, and south, away
from the cataract head. Either these are back.
set beds as su;;;-sted by J. H. Mackin", or they

record a reverse flow through the Potholes
notch, out of the Columbia Valley and into the
Quincy basin; Neff holds this latter view. Im-
brication is so poorly developed that no dcci-
Sion as to wlhich way the watcr flowed could be

made from the deposit. If flow was eastward,
the debris could have been obtained over the

3-mile stietch between The Potholes and the

pit, at an altitude of about 1240 feet. A con-

tinuous gradient exists thence southeast and
east to 1)rumhcllcr's deepest channels. If the

flow was wcst'sard, all debris must have been
imported in floating ice.

is Personal commur cation.J2
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BRETz ET AL.-CILANNLID SCAbL*tND OF WASIIINGTON

It is conceivable that a flood down Coluatbia
River, but not across the scablands, produced
an ice jam in the narrows where the rier
crosses the Saddle Mfountains anticlinc, 20
miles farther south (Pl. ). However, such a
jail) would dctour the Columbia fluod not al "
back through The Potholes notch but also bck
through Crater, Frenchman Springs, and Lower
Crab Creek. Furthermore, the Saddle Moun-
tains gap is 1341 miles wide and only a mile loi,
and at present depth of the narrows the dcin
there would have to be 500 feet high. De-
toured discharge would have to bypass a com-
plete ice blockade by way of Othello Channels
at the east end of Saddle Mountains. The low-
est and largest of these channels has a floor at
about 900 feet A.T. But it is difficult to believe
that such a dam ever could exist. This probiezn-
atical.Burkc gravel needs further stidyr

The steep, gullied, but largely soil-con

and calich bearing slopes descending into
Columbia Valley at the northern end of Itcock Ridge (Quincy and Colockum Pasa qi.rangles) have one great diffed alcove of
More recent origin, recordig the 200-foot
of glacial water over Crater cataract. Sul
position of this cliff and alcove on the cil

topography was accompanied by remakinr
the gulch into a scabland canyon- Wil
Springs Draw, whose floor strangely enoug:

an aggraded flat 950 feet A.T., hangs al..

450 feet above the Columbia, 2) miles if

the cataract.
Te flat is continued out in the Colun.

valley as a terrace for 1-2 miles on both s;
of the mouth of the Draw. Composition
structure are well exposed in the mouth wIthe terrace is & puzzling combination of ber
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PzATE 9.-GIANT CURRENT-RIPPLE MARKS
Flotatz I.-Ciant current-ripple marks at three levels in Wilson Creek valley a mile above junctionCrab Creek. Note how cultiva ion pattern along cun!a.t of grain field with valley bottem bar shows m:tu'le of ripples. The dark area is a flood-irrigat-d alf:2a freld. Pino AAR3A.0 of Agr. Adj. Adm.FICuxz 2

.- Staircase Rapids bar. Valley east of 0,e r;plc-marked surface was partially blocked bgrowth, and the tortuous stream meanders are on a s:: ea t. Drainage pattern east of crek is that of a!flills topography. Production and Marketing Adm pLoto &AP.26-ks.Ficuaiz .- Ciant current ripple marks in Snake ksver va1lcy at mouth of Devils Canyon. Productand harketing Adm. photo AAR-9A-11.y

PLAT9 10.-DRUfIIFLLFR AND POTHOLES DISCHARGEWAYS
Ficuac I.-Drunheller Channels topography. look;r.g southward from O'Sulivan Dari. U. S. B:of Reclanmation photo. Nz222-117.l142.

b 
2.- Northern alcove of The Potholes cataract in 1954. Water is waste and leakage from VCanal about 2 miles distant and 75 feet higher than cataract brink.Jfliviludes ineitred: Lake in plunge basin is 125 feet deep. Top of bar on north side of alcove is 51feet above lake surface, 175-200 feet above bottom of plunge pool. ar fosse largely flled with talus. Cback of bar are, including talus, 300 feet high. Scarp of grz vel t. race along the Columba is ISM feet .and its summit is approximately 250 feet abose river. Narer cliff, across which lake discharges, is 150high above gravel terrace.

Sequences nerolsed: Cataract originated approhimate!y at the near end of the plunge basin. Its tretreat was nearly 2 miles. Tip of the ridge separating the two alcoves is about an eighth of a mile Lfrom the prescaliland line of cliffs. Basalt bench below th: clilf (part of bench south from Crater cats,is gashed by glacial-river chutes, recording cscadrs ratlher thca(arts abnd prsumedo Cbaof subacorigin. Gravel of the terrace overlalis a little on scabland of this benach.Corredaions proposed: Gravel terrace has right altitude above the Columbia to be correlative wi

B s ashd bevy laclrvr. Th ue siu recongccd esra he ta n aaats a ndeue to be ofatv sith V

Bar and everly Iar. Ty inconsracuou s but recor.,zaLk very bouldcry, flattish mound buried undergravel is a dump f n earl) cataract retreat, conipara c to that at Vantage Bridge. Scabland beneath tcr.gravel is older than the terrace. Cascade chutcs arc later than the initial Potholes cataract. They andbar north of the plunge basin may date from a late flood out of Qeincy basin. U. S. Bureau of Teclanaphoto P-222-177-35237
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8L.AND OF WASIIINCTCON

T'" ,ullied, but largely soil-covered
..Il e-bearing slopes descending into the'
-lumbia Valley at the northern end of Bab-
k Ridge (Quincy and Colockum Pau quad.

nglcs) have one great clifed alcove of far
.re recent origin, recording the 200 foot spill
glacial water over Crater cataract. Super.
sition of this clif and alcove on the older
pography was accompanied by remaking of
e gulch irto a scabrind canyon; Willow
.rirg Draw, whose floor strangely enough is

aggraded flat 950 fect A.T., hangs .alout
0 feet above the Columbia, 2f miles from
C cataract.
The flat is continued out in the Columbia
lICy as a terrace for 1-2 miles on buth sides
the mouth of the Draw. Composition and

ructure are well erposed in the mouth where
e terrace is a purzling combination of buried

4T-RJPPLE MARKS

ia Wilha. Creek valley a mil, above junction with
*f grain feld with valley bottom bar shows magni.
Jd. Photo AAR-3A.80 of Agr. Adj. Adm.

-semarked surface was Prtially blocked by bart. DMamage pattern cast of Creek is that of Palouse
t P2I61.. 001

:r 7 at mouth of Devils Canyon. Production

IT11OLES DISCHARGFWAYS

g southward from O'Sullivan Dam. U. S. Bureau

t in 19$4. Water is waste and leakage from Welt
Jrict brink.
deep. Top of bar on north side of alcove is 50-75
Jnge Pool..Dar foss largely titled with talus. Cliffs
-asel terrace along the Colunihia is ISo feet high,-aaer clif, across which lake discharges, is 150 feet

Y at the near end of the plunge basin. Its total
'he two alcoves is about an eighth of a mile back-is clio (part o( bench south from Crater cataract)r than cataracts and presumed to be of subfluvialof this t.-ich.
C ahove the Columbia to be correlative with Weste, very bouldery, flattish mound buried under this
-that at Vantage Bridge. Scabland beneath terrace
:han the initial Pothclcs cataract. They and theout of Quincy basin. U. S. Bureau of Reclamation
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ESTERN PART OF QUINCY BASIN AND ADJACENT COLUMBJIA RIVER VALLEY 987

and semiburied scabland knobs, granitic sand,
and scabland basaltic dlubris, intu, which post-
glacial drainage from the Draw has cut a narrow
gulch and become superimposed on a buried
shoulder of basalt.

The granitic sand, beneath the basaltic de-
bris, is part of a Columbia valley fill not dtni.
nittly identified farther down stream but con-
spicuous for miles upstream. There is but little
basalt in its well-sorted, uniform material, and
it has very few and only thin gravel members.
It is a record of a leisurely Columbia's slow
aggradation from river level, 550 feet A.T., up
to rude terrace tops at 1300 feet A.T. Rcmnar.ts
back in tributary gulches testify to the exist-

4 ence of a valley system of present proportions
when it was laid down, clearly in prescabland
time. Apparently its dis.ection was also well
advanced when the first flood discharged over
Crater cataract.

In contrast is the coarse, very poorly sorted,
almost 100 per cent basaltic debris in the same
950-foot terrace, strongly fore-set out of Willow
Sprinp Draw, cobbly and bouldery and un--
worn to an unusual degree even for scabland
torrent deposits. The terrace top does not ap-
pear to record a Columbia valley bottom at that
time; it seems better interpretcd as a later,
lateral beveling. The fact that Crater has no
empty plunge-pool basin, in contrast with Pot-
holes and Frenchman Springs, strongly sug-
gests that deepening of the two larger notches
so decreased Crater's volume that its earlier
plunge basin could not be kept flushed out.

The clifled western side of Babcock and Ever-
green ridges is the eastern wall of the Columbia
River valley. It carries a great rock I ench, lo-
cally a mile wide, extending from The Crater

southward past both The Potholes and French-
nan Spuimgm cataracts for the full length of the

Quincy quadrangle (Pl. 13, fig. 2). The surface
of this betich descends from about 1350 feet
A.T. at time north to 875 at tht out$--a struc-
tural slope. Its topography is very instructive.
Above 1300-1350 feet, the bench has rintly
rolling surfaces without outcrops, and the cliff
overlooking it is only a smoothly sloped, strep
hillside, also lacking in outcrops. There is no
scabland in the view.

South of this, as far approximately as the
crossing of the 1200-foot contour (Quincy quad-
rangle map), the bench is definitcly scablanid
with buttes and rock basins but very few actual
rock outcrops; almost all surfaces are thinly
covered with weathered rubble. The cliff above
it is talus-covered almost or quite to the sum-
mit, and tile talus has a soil and vegetation
cover (1'l. It, fig. 1).

South of the 1200-foot contour, the bench is
typical, vigorously expressed butte-and-basin
scabland, and the cliff is bare, actively growing
talus climbing only half to three fourths of its
height (Pl..11, fig. 2).

The bench is held up by the same basalt flow
throughout the range of these contrasts, and
the only material obscuring any part of its
surface is a gravel bar overlapping the southern
part of the more subdued scabland and possess-
ing a fosse 20-30 feet deep between it and the
diff talus. It is a lateral accompaniment of the
frcsher topography. Here is scabland of two
different ages.

A small deposit of gravel belonging to the
older scabland lies in the west end of a notch
across Babcock Ridge (sec. 20, T. 20 N., R.
23 E.) which was not reached by glacial water

PLAr It.-BENCH BETWEEN BABCOCK RIDGE AND COLUMBIA RIVER

Frcraiz .- Clif above older scabland. Lookin; northeast. Photo by H. T. U. Smith
Ficuax 2.-Clif above younger scablmnd. Looking southeast. lhoto by H1. T. U. Smith

P.AT 12.-SCABLAND BARS

Ficuaz 1. C.M. and St. P.R.R. section through Beverly bar, showing foreset bedding composed of
boulders. Looking south. Man in photo for scale.

Frcuar 2.-Near Sperry. Foresets dipping into coulee from higher marginal scabland.
Ficuaz 3.-North of Harder. Terminal part of "terrace." Skyline and railroad mark horizontality in

the.view.
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IRETZ ET AL-CHANNELri) SCAIILAND OF WASHINCTON

I, from Quincy basin. It is a bar wit. .onvcx sur-
face (N1. 13, fig. 2) about 50 ,.a above the scab-
land bench and it block5 cs mouth of the notch
and detours drainac prt it on both sides. A
granite cobble was found near the top. Another
sud dtklhs. his a gravl-pit eVXpkaaC (IaeC.r
the inw :.Ctueent sections 17 and 19) betwucts
I!ju and 1375 feet A.T. on the nunscabland

twn lhr it il of tile lceinch. Thit. dels'sit i% cont-
lMUod l.rgely of misti ltasalt c grai nulc graVeCI
and granitic band but contains considerable rub-
bly cobble basalt; the ftaencnts arc compkctely
angular and much weathered. One fresh granite
boulder was found. The pit is on the slope of a
small sag (a little bclow 1350 fect) which bc-
came a minor, high-lcvvd channel across the
nojiicallant -act at the height of the earlier
flooding of til bench. 11e locAlly deriked
coarse naterial was already loose, weathered
debris, and the granitic sand and bluishblack
,--ulc gravel were carried here by the current
that bo..- the berg-floated granite.

The s'Lthward sln1p of the structural bench
is about 30 fret to the mile, ani its entire stir-
face bt l I' 13;0 feet -as unqueti.tnsbly snept
by the frst fluod. Did the cataracts out of
Quincy basis function at that tine?

If the surface gradient of the flooded Colum-
bia "as 10 feet to the mile, the cliff now notched
by Potholes cataract must have been nearly
submerged, and Frenchman Springs cataract
could have had no mere than 50-60 feet of
plunge. A lesser gradient would bring the flood
surface even closer to the brimk of this southern
cataract. 'nder such conditions, Cr.,ter could
not have cxisted. Indeed, if there was no con-
parable flooding of Quincy basi, at that time,
the Crater notch must have carried ' ater cast
into the basin 5' The cataracts apparently be-
long to tle secnd episode of flooding uhsen,
after a long interval of weathering, older scab-
land belo% 1200 ecet on the bcnch uas ref reshed.

That there was a debris-c-ri-ty Coluinia
vallty of pre'cnt depth %%hen the western cata-

" Since the fild study by the three authors,Neff has found a mounded bouldcry deposit ci posed
in West Canal tections at the head of the Cratcr
cataract chaicl (S1:'4 Sec. 14, T. 20 N., R. 23 E.)
u had. contains si.hijk blruiwd colusniar fra;nmrnts
7 fert long in a larrely un'orteJ gravel of calicele
11a,3at, interflst wistone, and intact nim-cs of
hness lie fcckl that this dpo'it records an eaitward
dow through the Crater notch at sonic time previous'
to the Lit discharge westward.

L I
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facts operated is clear from exposures made in
frIcating U. S. Ifighway 10 from Vantage
Bridge to the summit of Frenchman Springs
cata;ract. One now can see miost of this splendid.abandoned waterfall from the window of 's
car. I ft: floor of the cataract alcove is about
875 f-:t A.T., the Columbia bclow it is a little
albive 500. Debris from the cataract making,
ulsn-p1.l over into Coluluia valley, exteods

.. t least to 600 feet AT. and is well ex-
,.' d in the highway's long. diagun.d grade

acro it. Perhaps the most outstanding collec-
tion of rcjected boulders in any scabland gravel
Pit oudurs at the head of this grade. Their aver-
age diameter is 3 feet, a few reach 6 feet. They
have been rucld at least a mile from some
Lsroe-colunslwd flows ill the catar:ct ledges, but
oasuy still retaina columnar outlines with only
brused, battered, and chipped edges. There is
alinmust no sorting in the pit or highway expo-
sures and no aggregation of boulders into
strata. What rude stratification des exist is
that of long fore sets dipping towara and dows
iw'o C.lumbia Vahley. A confirmed skeptic is
l1J t-, try to nake this deposit a talus!

It n.ay %wc!l be that no one short-lived flood
could late mad, all these cataract scars. Cer-
tu no frood of the magnitude recorded could
be more than short-lived. However, it is almost
certain that the cataracts were contempora-
neus, and surely no river of moderate size is
recorded by the double Potholes cataract, I
niks id.e. The debris spilled into the Colum-
bLia at Irenchmarn Springs is - >t a record of
n:-.y Cnturies of slow cataract retreat. The
uay the lip of Potholcs breaks into a series of
m::;r chutes (AAR-SF-194 and 193, also

U,.S b k. 10-foot contour mar) is evidence that
the last discharge over this cataract was of
einend volune. This may record the shrinking

last stages of a flood or a later, smaller flood.
ist it s-as the last discharge over Frenchman

Sfin;i' southern cataract that dumped the
great rubble into a debris-cmpty Columbia
Valley.

Mosas COULEE

Haps: 31a!oga quad., U.S.GS.
(Bretz and Neff)

loses Coulce, second only to Grand Coulee
in niagnitude, enters Columbia valley only a

/)

)
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S.'-2 qu-od., U.S.GS.

-r-ly to Grand Coulee
- bI valley only a

)JOSES COUI.:L

IL
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* C.

@.4I I -d

s .4 .. N ol. ,4 1. .. .

Grand Couea

/0lmII..

* . .. , ,

-.- -0

Grand Coulee

A.s. F.'

FlIuac 9.-SrFQUctr. IM CUIAmNL OeE,

few miles upstream from Crater cataract (Pl. 1).Althnitgh, its headward connections with the
rest of the pllatcau scabland complex are large!%,concerled by deposits of the latest Okano an
1 c to cross the Columbia, there is fair cvi-
d' - uf a scabland surface at about 2100 feet
A.T. betcath the drift as far south as the coulee
head, but 11o farther. The well-developed ter-
minal moraine of this lobe blocl:s Moses Coulce
at the crossing (10 miles from the head) with
hills half as hi;lh as the coulee is deep, and asw-.

Grand Coulce

" -Vpv, c,.6
Go"'al

-- ad.r c.b.I ,., 'I

Grand 
CouIee

fO,, /WI...

t..*, cl,.*
-..

41

Grand Coulee

I /..

1/0

6
.aTION, QutI:cy hlAsN AhD rE-Vntos

cated outwash ra-cl extends down-coulce for

a few nihcs in vlley-train fashion. The great
'cu e, tlciefore, already existed in essentiallyfuli dcv- d.,lnicnt before this latest glacial trans.

grcsxion on tile plateau and must predate the
later cvents ill Graid Coulee history.

At the dL-uc iure of Moses Coulee into the

Colu i:L vallky arc remains of an enormous
depoit of very little-worn boulders, sand, and
9a0, nearly all hasalt; its forc-set structure
iLicatts a caice-comlilcte blockade of the

I
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DRETZ ZT AL-CIIANNELED SCAIILAND OF WASHINCTON

greater valley. Presumed moraine topography
just upstream from this blockade and on the
same side of the river appcars to record cun-
teniporlneous glacial ice in Columbia %alley.
Btretz (19306, p. 381) has suggested that this
was made by a Wtnatche Valley gbcier push-
intl out into Columbia vallcy. but l'age (1939)
has since shown that any such glacier must
date further back than the late Wisconsiin ad-
vanice of the OkanoZJn lobe, a.id its dift shun ld
show pronuunced wseathcring, a feature it docs
not possess. Its debris, furthermore, is essen-
tially all basalt. Perhaps it is a record of ice
blocks floated down from a breakup of the
Okanogan lobe. The early Columbia valley
flood recorded on the bench west of Babcock
Ridge probably entered the master valley via
Moses Coulce.

ComtrmoN or EvT-rs AND SEQt-E\sEs
THUS TAXC PSSILLJ

(Bretz, Smith, and Neff)

Inspection of Plate I and F:.ture 4 shows
that, dmiing and aiter the cpi dehch saw~

Ephrata channel eroded, water had ce:sed to
reach the three western cataracts. A provi-
sional chronology from data thus far submitted
therefore would include (Fig. 9):
(1) The earliest flooding on the Babcock bench,

apparently before Grand Coulce had been
initiated

(2) The earliest recorded plateau !ooding (be.
cause of an early Okanogan lobe dam) %%ith
(a) Operation of Grand Coulee and Crab

Cretk glacial rivers,
(b) Cataract making at the three western

spillways,
(c) Deposition of the high gravel of Quincy

basin,
(d) Operation of Black Rock, Rocky,

Blowers-Weber, and Lind cuulecs,
(c) lleginnin;s at \Varden catarac:i of the

Drumhelicr spill across the nose of
Frenchman Hills anticline.

(3) The flood Ahich initiatcd the three chan-
nels across Quincy basin and today is re-
corded only by the Fphrata channel (the
three western cataracts and the fout eastern
coulces tlcn abandusicd; Drumbciler deep-
ecd)

(4) 11e flood which used only Rocky Ford and
Willow Springs channels, and continued the
deepening of Drumheller Channels (Upper
Cri.L Creek still functioning)

(5) ' I1c last 11". d]w-n Grand and Dry cou-
Ices, making the Upper Crab Creek dam
and adjzccr.t Dry coulee bar (Steamboat
Falls dt-strmcd, Bacon synclinc's western
notch left han-inC, 311 wabland channels,
cist of Ca.nd C.ulcu aboml.nel)

(6) 'I he final flod down Grand Coulee alone
which complcted the great Dry Falls cata-
ract and Snap Lake basin and used both
the Wilvw Springs and Rocky Ford chan-
nels.

The vertical succession of bars in Wilson
C:ck valley skiould date from the second, third,
and fourth fl-oods, because dcepening of the
chanecls acris the Quincy basin rill permitted
Ircnchldg back up Crab Creek and because at
stage 5 Crab Creek valley was blockaded by
Dry Coulee gravel. A seventh flood is recorded
by the Deverly bar at the junctiori of Lower
Cral Crtck and Co!urmbia River.

Lowsx CRAD CaREEZ

apS: Berery, Boylston, Calfu, Othello,
and Smyrna; US.GS.; R4-5720,

sked 2; U.S.B.R.

(Bretz, Smith, and Neff)

Discharge across the nose of Frenchman Hills
(site of Dr -. l'er Channels) entered an cast-
west sync:.fi! valcy etwieen this anticline on
the north :rd Saddle Mountains anticline on
the south Pl. 1). The syncline deepens and
broadens eastward from the Columbia to the
Channels; dascer:t of the surface of the basalt
along its axis is about 230 feet in 27 miles. The
]lurt::u of Recimation terms this eastern low
broadening the Othello basin. The scarps in
suprLasalt scdrncnts bounding Drumheller
Chanrc!s co::ti-.uc westward along the syncline
for somrc mncs and make it clear that Othello
basin -.as s:"I largely filled when the earliest
scabar.d .ood arrived. The top of the basalt
lay so low in the center of the basin that it
escaped u.: terrible treatment meted out to
that upraised in the Channels area. There is a
plane tract of s.--ral square miles in the bottom

'I
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BRETZ ET AL-CIIANNELED SCAILAND OF WASHINGTON

greater valley. Presumed moraine topography
just upstream from this blockade and on the
same side of the river appears to record con-
teniporaneous glacial ice ill Columbia valley.
brita (1930b, p. 381) has sutested that this
was made by a Wanatchec Valley gl2cier paUsh-
ing out into Columbia valley. but Page (1939)
has since shown that any such glacier must
date further hack than the late Wisc-nsii ad-
vance of the Okanogmn lobe, and its dtift shoull
show promouniced weathering, a feature it does
not possess. Its debris, furthermore, is essen-
tially all basalt. Perhaps it is a record of ice
blocks floated down from a breakup of the
Okanogan lobe. The early Columbia valley
flood recorded on the bench west of Babcock
Ridge probably entered the master valley via
Moses Coulee.

CosRRELATo or EVENTs AND SEQUENCEs
nius AK PREsx-I

(Breta, Smith, and NefI)

inspection of l'late I anid Fieure 4 shows
that, dmuine and aftcr the epiods: uhich saw
Ephrata channel eroded, water had ceased to
reach the three western cataracts. A provi-
sional chronology from data thus far submitted
therefore would include (Fig. 9):
(1) The earliest flooding on the Babcock bench,

apparently before Grand Coulce had been
initiated

(2) The earliest recorded plateau flooding (be-
cause of an early Okanogan lobe dam) with
(a) Operation of Grand Coulee and Crab

Creek glacial rivers,
(b) Cataract making at the three western

spillways,
(c) Deposition of the high gravel of Quincy

basin,
(d) Operation of Black Rock, Rocky,

Dowers.Weber, and Lind cuulees,
(c) Beginnings at Warden cataracts of the

Drumhcllcr spill across the nose of
Frenchman Hills anticline.

(3) The flood which initiated the three chan-
nels across Quincy basin and today is re-
corded only by the E.phrata channel (the
three western cataracts and the fout eastern
coulces then abandoned; Drumheller deep-
ened)

(4) The flood which used only Rocky Ford and
Willow Springs channels, and continued the
dcepening of Drumheller Channels (Upper
Crab Creek still functioninC)

(5) '1 he last flidx d..wn Grand and Dry cou-
lees, making the Upper Crab Creek dam
amid adjacent Dry coulee bar (Steamboat
Falls destroyed. flacon syncline's western
notch left hanginC, all srahland channels,
cust of Crazdl Coulee abandouled)

(6) Ihe final flood down Grand Coulee alone
which completed the great Dry Falls cata-
ract and Soap Lake basin and used both
the Willow Springs and Rocky Ford chan-
nels.

The vertical succession of bars in Wilson
C:cck valley should date from the sceond, third,
and fourth fluods, because deepening of the
channels across the Quincy basin fill permitted
trcnching back up Crab Creck and because at
stage 5 Crab Creek valley was blockaded by
Dry Coulee gravel. A seventh flood is recorded
by the Beverly bar at the junctioa of Lower
Crab Crtck and Co!urnbia River.

LowE! CRAB CREEK

faps: Bemrly, Boylston, Corfu, Othello,
and Smyrna; US.GS.; R4-.5720,

sked 2; U.S.B.R.

(Bretz, Smith, and Neff)

Discharge across the nose of Frenchman Hills
(site f DrumrhclIer Channels) entered an east-
west sync'.r.a! valley between this anticline on
the north and Saddle Mountains anticline on
the south (Pl. 1). The syncline deepens and
broadens eastward from the Columbia to the
Channels; descent of the surface of the basalt
along its axis is about 250 feet in 27 miles. The
Ilurenu of Reciamation terms this eastern low
broadening the Othello basin. The scarps in
superbasalt sediments bounding DrundmclIer
Channels continue westward along the syncline
for some miles and make it clear that Othello
basin was stil largely filled when the earliest
scablar.d food arrived. The top of the basalt
lay so low in the center of the basin that it
escaped ti.c terrible treatment meted out to
that upraised in the Channels area. There is a
plane tract of several square miles in the bottom
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We %:.-ward dong the syncline

make it clear that Othcllo
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alied. The top of the basalt
:.r center of the basin that it
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- d Ciainsl area. There is a
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Uarv ins iin tHie bottom

of the syncl ine ilear Corfu where the original bla
salt Surface, 3lt.ou;h denuded, y.as nut crudcd

Lowr Crab Creek, afer passing sousho-ar
through Drumheller Chanels' lowest gashr
turns wiestw.ard and follows this syncliti
against the pitch, to the Culumbiad cnd
about 100 feet in 25 miles Wet of the Corf
flat, the syncline has well-de eloped scaant
all tie way. Some features of tIhs g Civ
chaniel des ;e;xamination %lth rcfvrne i
Allison's theory of ice jams.

One of these features is Natural Corra
(Smyria, furnicrly Red Rock, quadranglC).
Another (shared by the Smyrna and llcvcrly
quadrangles) may be called the Jericho coulec
(Fig. 10). Botl arc accessory Literal canyons
sciniparallcl to Crab Creek with looped courses
back in higher scallanid slopes along the north
side of the synclinal valley. On tie mnps they
look like dctours for bypasing short, %d ice
jams. Ilut neither one ha% asi easiert (upistreai)
connection v. ith tie main chatnl cunplarale
to the rcmainder of the "run-around" canyon,
and at neither place Ls there any narro\nt
shallowness, or crookedness in the maiis valley
favorable for iniitiasii- and maiti:-' an cjaim. Vurtlrinure, the Natur i C'ri.j
canyon is only 3 miles long, all", il; for onlly a
short jam in 'Cral, Creck, apparcnltl t o shc rt,like Saddle lountains gajp, to pro ide the fric-
tional locking of ice on ice and or. shore to main-
tain a dam for the many years required if a
nideratey pr(.l ztioned gLacal r;v.r croded
the Corral cnyon.

The Jericho lateral canyon (Fig. 10) is tan-
dem, its t-:il lvl.Iih of ) mlhilcs aii en..
pletidy br,-L i in tv.- ill win :Ili hy he d -

I hfluor at this breakdl.n is 6d feet ab. e Crab
Creek a mile to the south, vet its ephllemleral
drainage fails to find the gap aind tars ot %,.st,
parallel to Crab Creek, to end in a cl,,cd de-
p:ission only 13 fcct aboae the cr-k. Thi
closure is due to Columbia River's .erly Lar,
a late feature once entirt-ly Lhnckir.; the Cfah'
Crcl. valley mouth, arid dialt with in a a tt-r
paragraph.

Two sequcntial ice jams therefore nould be
required for making the Jericho tandcem canyona run-around". What should be tle ficid cvi-
dence, other : han mappable forms, to sup port
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t-e icemjail theory? Allison (1911, p. 673) cited
-"' d'iU s uf Pries of ice~brg-rafted till ond the trtieast flank of Rattdcznake Trills and in

, Cold Crck Villey' as proof that great quanti-ti-s of Lergs reached the wide Pasco basin.

9 They, ith isolated berg "cests" aid lunc cr-
ratic bL.ui, in so m:y places ill the scab-

lskaml, are irrrutable esidice for alundaisr fl.. ! :. clal ice (see llret7, 193m , p. 410,
Fi;; , aJ, whre closely spaced, are rqually
good cv\-Itnce fo. , e grounding of ,lare ,ur
ber, l.c e r i. In Pasco asis, tIy obvi
omly drif: d ashore in a wide smillunded tract.
If d.'ey parLed in a narrow valley, there
shou; JI- at least as go2 z, record.

WVth tiis criterion in mmrd, the two broadest
and flat test butte tops enclosed 1v these looped
latera canyons were traversed Not one erratic
was futn., rotliing but bare or nearly bareba.lt. lr ice never made an ice jam alongthis sc:Llaid route. River ice, also used by Alli-
s nrt alr~ f:-, ed by I u pjie r ( 9 4 , p . 1493) for
d~aiymr;.i- aid dctouring glacial streams, would
iiicvm t . y trap maliy of the abundant bergs,
and a marginal record of this should survivc."

I :.-al Corral and Jericho lateral

e ..,d r : - .:.: thley are Oiy
cf prescahl.nd d:.nagc ways

as v : throu jh the sedime::tary rock into

basalt. Ab the minor gulches entering them

fr.u m - h.mli en H ills to the north have either
or strongly marked kickpoint junc-

t ;, La :Lr gradients above the junctions,
prnjce -schard toward Crab Creek, find
thle La-t 'siand" butte tops too high. They

, est hLLing minor stream.
;:i. it:: d 'l iiip.ir.Iel to Ct.1b Crek

in I~e : . L ~c sy n ch~ n a l % al y - stre -a si n a y sa w Carrl and Jcriclo catiyons.
Thc .or gules xcrc in exstence wehen

tie sc;,I! nd flood swpt the super-
hasalt. 5'.rntary otT the top of the tock ter-

r t z , e a d co vc : j theI:r Eastern "Jll
61i t . .-- La. deposits whi!c leaving their up-
strear-atcg als nearly bare Lasalt. Loer
Cr:l, Clcidf !atrral loops are prescabland local
draiir:.cs which, niudified by overhiining
lod disarge, had begun to grow into an

" To ean the Othello diverg.-ee by an ice jam
in or-,. Ca rr 1Ujs a tot) to the d.1n 200-300 feet

s L;" I a~t "island" sunmguas.

*
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nheroy Rocky Ford and
fi s , a nd continued tile

. untheller Channeli (Upper
k still functioning)

od down Grand and Dry cou-
a the Upper Crab Creek darn
nt Dry coulee bar (Stcamboat

oyed, Bacon synclinc's western
hanging, all scabland channels,
nd Coulee abandoncd)-.
llod down Grand Coulee alone
p!Led the great Dry Falls cata-
op Lake basin and used both
Springs and Rocky Ford chan-

succession of bars in Wilson
nuld date from the second, third,
Ods, because deepening of the

the Quincy basin fll permitted
up Crab Creek and becausc at
reek valley was blockaded by

vel. A seventh flood is recorded
bar at the iunction of Lower

I Columbia River.
- -- , )'.- .

inEr CRAB CREEX

'1y, Boyliton, Corfu, Otlh!o,
-1: . - ' . S. ".; R4-,5720,

fi rU.S.B.R.

Il, Smith, and Neff)

svi the nose of Frenchman hills
ller Channels) enterrd an east.
allCy betscsn thi anticline on

h-llle lMountains anticlilie otl
). The sydiclinr dep 5S aid

Ard fin the Cluib'ia to tIe
*nt of the surface of the basalt
.1--ut 250 feet in 27 miles. The
Ln-t in terms Ohis eastern l w
tItheuln basin. The scarps in
m-nents loutiding Drumblltellcr

uc ssctward alhmg the syncliic
make it clear that Othello
:l ed % ien the earliest

tcd. The top of the basalt
renter of the basin that it
:c treatmient meted out to

- e C1hanlic area. There is a
1 vuAre miks in the bottiom

of tie sytcliiie hcar Corfu where the orijinal b,
salt surface, althlou, denuded, was nut eruide

Lower Crab Creek, after passing souithwa
through Drumheller Channels' lowest g-
turns westvard and follows this syncluii
against the pitch, to the Culunbia,'d cendin
about 100 feet in 25 miles. We-st of the Corf
flat, the syncline has well-developed tcaiain
all the wsay. Some features of tlts gliCil riN,
chaniel de;s-c iaination ,il rf rrnc Ie
Allison's thcory of i ie jams.

One of these features is Natural Corra
(Sniyra, fornierly Red Rock, quadrnle)
Another (shared by the Smyrna and llcvrl
quidrangles) may be called the Jericho cotile
(Fig. 10). Both arc accesorY lateral canyon

serniparallcl to Crab Creek with looped Course!
back in higher scabland slopes alon h the norl
side of the synclinal valley. On the maps theyn
look like detours for bypa~siitg short, % d ice
jams. But neither one l.as an astern (upreani)
cnnnection v. ith the a in Channel cnpsrabmc
to the reiainder of the -runaroundm canyon,
and at ncither place is there any narroiiness,
shallowness, or crookedness in the main valley
favoranic for initintiit7 and mitailit;.ini, an i

"m. l'ur t rmorc e N aturalCi l Lit.trl
canyun is oly 3 milr long allui1; for only a
short jam in Cr. h Creek, aiptarenitly 1t "' sh crt,
ike Saddle MloutAins gal, to pros idc the fric-
tional locking cl ice on ice and on shocr to mraitn-
tain a dam for the many years required if a
nuderately pruoitioned glacial rivtr croded
the Corral catnott.

The Jericho lateral canyon (Fig. 10) is tal.-
dent, its tutAl lei'li of 9 miles amti, com-
plclly brI. a1 ! t .o ill timl iil n h Ihie cdi -
al'l" 1l-1nCe 011% 1)f Oil: 1111th r", i w .
I IN fluor at Is Lrekon is 60 feet a.1s e Cr:cb
Creek a mile to the south, yet its eplemirral
drainage fails to fid the gIp and pes oI ke.st,
parallel to Crab Creck, to end in a cded de.
passion only 13 feet abose the cr-k. ThIs
closure is due to Columbia River's Bevcrly Lar,
a late feature once entirely blockir.; the Crab
Creel valley mouth, and dhealt with in a later
paragraph.

Two sequential ice jams therefore 'sould be
required for making the Jericho tandem caovuna "run-around" What should be the fitld cvi-
dence, other :ian mappable forms, to support

a- the icejail Iherry? Allison (19lQ, p. 673) cited

d ' " l-C du~ eis of piles of iciebrg-rafted till ont 0c nurtleast flank of Rattkloake Hills and irn
h, Cold Creek valley" as proof that great quanti-
e, 'ivs of t-ergs reached the wide Pasco basin.
g They, with iswlatcd berg "nests" and lone cr-
u ralL A in so mn.:y places iin the sceb-
d aud, are irrifutable e-idnce for abundant
r 11 i -g canl icc (sec trlet, 19306. p. 410,
u g i a., wrCe Clos'iy 5Pa' e equal.

guoi C' % ice ,. e groindifl of Lri:e num.
ber, : few b ri. In Pasco lan, Ly obvi.
o- l y dr-l:d ashore itn a %%ide scmiloondi-dj tract.
If de.'y pac lcd in a narrow valley, there
sho;l be at least as go2 a record.

V'. h tl,:s criterion in mind, tie t wo broadest
and fiat test butte tops enclosed hy these loopedlaterad cariyotis were tra ersed. Not one erratic
"as f nd, r s ling but bare or nearly bare

baslt. llr.g icr never mradc an iee jatm alongthi schiid route. River ice, also used by Alli-
soti a-l f:,cred by Lupier (1914, p. 1493) for
datn -g and detouring glacial streams, would
imevt.I,' y trap maity of the abundant bergs,
and a mar:ina record of this should survive.

.. ral Corral and Jericho l.teral
C., i- evidence Ih.t th y arc Oild)

.orf p r e s c : lb :. s d : . i n a g c w a y s
l \ r u-gh the sed ime ary r mcL into

basat. Al: the mitor gulches entering them

fron rhme;101i 2n Hills to the north have either

h or strongly marked L ickpoint junc-
Liu;-, L.;-, :! r gradients above the junctions,
project. d s7..: hiard toward Crab Creck, 6nd
the t.a'd butte tops too high. They

*....t , to 'sest i ming m sitor stream-

- ;;;, l S t diti . % Cr l tU C r b C re e k
illih syeinL. 11- YIII L y stiealmways

ate r.m , Carrl aiid Jericho ca:iyons.
1 he ( rrc r gulches wcrc in ctstence wehen

thei.vl~ scab,e!d flood suipt the super-
has.t cntar oi the top of the ruck ter-
race c sand cot c:d the .r castern "41;

it Is _..c r b e : d p o s its w hl il e le a v in g t h e ir u p -

str ar:- ac.: wa ls ricarlys bare basalt. Lower
Crib, C~cci- I lit'ral loops are prescabland local
drail,.. T h:.Cs hich, mtodired Ly overhlmining
flord d:ech..rgc, Lad begun to grow into an

. To e te. the Othello diverg.-ee by an ice jam
i n 'ttr CC'i mlu~rs a tol to te dai200.00 cet

xla I t!: Lac.1t "istand ' suinits.
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wh edonly Rocky Ford and

nnes, and continued tie
. mlhcller Channell (Ulircr

still functioning)
!od down Grand and Dry cou-
rsg tile Upper Crab Creek datn
nt Dry coulee bar (Steamboat

-ayed, Bacon synclinc's western
irrging, all scabbasd channels,
-nd Coulce abandoned)-
111--d down Grand Coulee alone
pb)ted the great Dry Falls cata-
op Lake basin and used both
Springs and Rocky Ford chan-

succession of bars in Wilson
"ald date from the second, third,
od%, because deepening of the
the Quincy basin fill permitted
up Crab Creek and because at

Zfeek valley was blockaded by
V1l. A seventh food is recorded

bar at the junction of Lower
I ColumLia River.

AEt CXAR CREEK

'iY, Beyluen, Co~ff, Orhrlo,
fl 'SG.S R4-5720,

r - U.S B.R

te, Smith, and NeIT)

,V-s the nose of Frenchman Hills
1er Channels) entered an cast.

*uley betvscen thi anticlinc on
S"Idle Mountaitis anticlirre onl

). Thre syrrlirre diet eprs and
Ard from tile Crlumribia to tile
nt of the surface of the basalt
ab,at 230 feet in 27 miles. The

ulit-ion terms this eastern Jo v
(thilin lasin. The scarps ins

!Jrrnts iwiurnding I)rumbrlcllcr
uc ward ilong the synclirre
ar'i Malc it clear that Otlhcilo
1 r:(-ly 'lled %Iien the earliest
-2rived. Tie top of the basalt

center of the basin that it
1.14: trealtrient rimeted out to

- '!.e Chanirnl area. There is a
,"-,Iil luare mtiiks in tire bottom

of the synclirie near Corfu where tile original ba
salt surface, altlhouhi denuded, Ywas not eroded

Low r Crab Creek, after passing soutlwari
through Drumheller Channels' lowest gash
turns westward and follows this syrclae
against the pitch, to the Columbia.1descrrdin1about 100 feet in 25 miles. West of the Codh
flat, tie syneline has well-dcvelopcd scatanun
all tie way. Sume featur of ti -Lli r iVct
chaiel desi rvc cxamination wish reference tr.
Allison's theory of ice jams.

One of these features is Natural Corral
(Smyrna, formerly Red Rock quadrangle).
Anclibler (shared by the Smyrna and ltevcrly
qu!drangles) may be called the Jericho coulee
(Fig. 10). Boti arc accessory lateral canyons
serirparallel to Crab Crcek with looped courses
back in higher scalbland slopes alo'g the north
side of the synclinal valley. On the maps they
look like detrurs for bypa'sirg short, s hd ice
jams. But neither one has air easeri, (unsire a)
connection '. iih tire "I ai channel cunlsra)l
to tire rntairder of the "run-around" c.nyon,
aid at neither Ilace i there any trarrouirlnss,shallo-ness, or crookedness in the main valley
assrahlle for initiatinr and mairt:,inu an ice

jam.r Yurtrrinore, ie Natur.d C.rr.J ltr.al
canryon is ortv 3 rrii lon'', all i:; for o:ily a
short jan in Cr1,b Creek, alra rentl- 1a shrert,
lie Saddle Mountains gr, to pros ide the fric-
tional locking of ice on ice and onl shore to rmrin-
tain a dam for the many years required if a
nrodcrateily pr 1 ortioned glacial 'iLr croded
tire Corral cnvNotn.

The Jerecho lateral canyon (Fig. 10) is tar-
derm, its t,1 leur1 h of 1) miles ahr comrr-
pleti l br ;:r In tvr. ill muidh n rrb'r y Ie diN-
aplK na c .1.1 L Ila c e if Ill,
I It fluor at this LreakdownIt is 60 fct alo% C Crab
Creek a mile to tire south, yet its ephtemreral
drainage fails to fid the gap and -rcs o' est
parallel to Cr;nb Creck, to end in a ci,.sed de-
p.e'sson only 3 feet abase the crk. This
closure is due to Cclunrbia River's Leserly -ar,
a late feature once entirely bckir.; the Crab
Creel, valley mouth, and dealt with il a later
paragraph.

Two sequential ice jams therefore isould be
required for nrakirng the Jericho tanden caryon
a "run-around". What should be the Cield evi-
dence, other :han mappable forms, to support

tle'c 2ja2rr therry? Allison (1911, p. 673) cited
. 1o'"s of P es of iceberg-rafted till ontie trurtheast flank of Rattlesnake Hills and in
, Cold Creek V'lley" as proof that great quanti-ties of bergs reached the wide Pasco basin.

They, with isolated berg "nesis" arid lone Cr-
-tii bL2li in so m11.tan) places iin tie scA6.

Lrrrri are irr fu tairle evid, icr for ahundarri
- - crlacrlice r 'l~tl t al, p. 410,Fig 71 a;,J, where closely spacerd, irc equally

good (-\ .(l-cc fo. e r groundifrg of large fnum-
ber, U. tixle b, r;. In Pasco l'asirr thy obvi.
Otsly) drftd ashire itt a wide srmipondrd tract.
If de:.w y at lked in a narrow valley, there
shol;l be at least as gr.d a record.

With this criterion in maid, tire two broadest
and lattest butte tops enclosed ly these looled
latel:J canycors were trascried. Not one crratic
was founid, rothing but bare or nearly bare
barl-t. ]lcrg ice never niade an ice jam alongthis scard route. River ice, also used by Alli-
son aI la aed by .ulrler (1014, p. 1493) fordamtrrri.v and detouring glacial streams, would
itc y trap mary of the abundant bergs,
and a marginal record of this should survivc.

.eN 
:a l Corral and Jerich u lateral

C.- r.. . - -I~0 esic',cnl ruthtir arc onllyer of presca: nd d-,i:. a-e reoys

a r c t irouhi the sedimre:2 ary r eck into

basalt. Al tie rim or gulcheis entering them

frh o - m eJ r n iczr H ills to th e n o rth h a e e ith e r
or strongly marked Lk;icILpoint junc-

tro 1;-,e':., g.adients atovc the junctions,

p r oj c - j s '..h 'sa rd to w a rd C ra b C re c k , fin d
t e - d butte tps too high. They

ii c ti '.. to A\ l. u \,oing mirror streamt-
S I 5

m ri,.: Cl to Cr.lb Creek
hr t t. ~ . ,' I e sy i nciha l id y s tr tam a y s
are r. t. C _rral arrd Jcriclro clyons.
Tht rmir.or gulcl:cs wcre in cxistence when

tirt h.,i',c~ sc;.L!r.d flood surpt tire super-
hasalt S'Mnentary oil the top uf the rock ter-
raci t - ard cove:ed ther castern 'sals

wi n . .r er -L a : d r. p s i t s w hl i l e c a v i n g t h e i r u p -

rrc ar - a c . t g a ils n e a rly b a r c a sa lt. L o w e r

C r C rc ' . ral loops are prescabland local
dr:aiirT E cs which, mudiied Ly overubalmin~
for-d d: rgc, had bcun to grow into an

. Toe ,!ain the Othclo diverg-ce by an ice jamin lowl r C.2, re'1uirrs a tni to the dam 200- 300 eetabon 1! :: La "-t "Island ' sumrnits.
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anastomosis like that
Drumheller.

Perhaps the present

so well developd in Its linear form narrows aod lowers southward

course of Lower Crab for I M, milt- It is actually made of two parallelcoure ofLowe Cra tsr ridges 'A ith a linear closed dcliesaion almost
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Creek is, like that of Lower Grand Coulee,
Wholly of glacial-torrentt exca\ .tion in the frac-
turrd basilt of the steep limib of a fold, and
the- lIdeial cany.ns out in the middlc of the
structural valley are modif-cations of the main
PreClacizi drainor.'- way.I

The Beverly bar (Fig. 11) is defended byscabland at the upstream angle bctw-een the
Columbia River and Crab Creek and originally
made a dam across the mouth of tie creek
alley. Its proxima! end is 123 feet aeovc tie

Columbia and almost 100 feet above tle suth
in which the Jericho lateral cAnyon termirtates.

a Mile long between them. Silts on the Coor of
Crab Creeck valley prove that the creek wasponcled by the bar. The creek has since cut a

narruw 4an c 0 feet deep across the low
southern cr-d of the deposit.

Coinpo:ition ard structure of the bar are

wcll shor: in a railroad cut nearly 30 feet deep

acros 0- hi; :, northern part. The estern
ridge is ide of much coarser material 1h.- the
eastern or.e. The riverward slope is aimost
Mho!!y of bLoulders 3-6 feet in diameter. -he

body Of tl.s ridge shos long, lee (eas:% H)fore sets, vtrre of them almost entirely a: ,-'

cc) 26

34

IT'1

6

4 2

Washincon * nap Ct Ge . Sri rch ne rtof"om k er Priest Ripids to Rock Tsland Dam,
interval on Lind 10 feet. Cy, .' S ureau of :1-m n d State of Was+hington. Contour
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anastomosi like that so wcll devclopcd in Its linear form narrows and lowers southwardt , Drumheller. for 1 !1 miles. It is actually made of two parallelPerhaps the present course of Lower Crab Lar ridgvs 'Aith a linear closed depression almost

.i ............ .... ... .

233

&A3
Lit

Mouts h o " Cab. Cek gacil river cha nne !rt of C u~rL P ier Priest Ra >ids to Rock Island Dam,

- interal on lnd 10 fes. ', . ue t o c a cir.-i oa tat fW inte Contour

Creek is, like that of Lower Crand Coulee, a nuile long between them. Silts on the dloor ofollyof lacal-trret ecauton n te frc- rab Cree valey prov th t t ecek was

dCdbar are
- e evely ar Fig.!!)is efededby wll how ina rilrod ct narl 30feet deep

- o l m ia R v e a d C rfCreek ad o ig i e rid g e is r d s 3 o er r~ dr a e ster. T h
ma a am cros te muthof the creek castern one. The riv'erward slope is aimnost0 .ys

Lsss(

n whc h eih 0ea ayntriae.focstsaeo hmams nieyo
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anastom ois like that

Drumhller.
Perhaps the present

so well devclopxd in Its linear form narrows and lowers southward

for ! -imt,. It is actually made of two parallelcourse of Lower Crab lbar ridgvs A itla a linear closed depression almost
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South of Crab Cree. glacialriyerchanneL 'art of CuiumiaP .er Priest Rapids to Rock Island Dam,
interval on Land 1 .feet l.U. S. turauan d State of Washington. Contour

Creek is, like that of Lower Grand Coulee,
'hoily of glacial-torrent excai -tion in the frac-
tured basalt of the steep limb of a fold, and
th e lIacral canyuns out in the middlc of the
structural valley are modifications of the main
prcglacial drainas way.

The Beverly bar (Fig. I1) is defcndcd byscabland at the upstream angle betwcen the
Columbia River and Crab Creek and originally
made a dam across the mouth of the creck
valley. Its proxima! end is 123 feet above the
Columbia ind almost 100 feet above the sulp
in which the Jericho lateral canyon terminates.

a mile long between them. SUts on the foor of
Crab Creek valey prove that the creek was
ponded by the !ar. The creek has since cut a
narrv. ra% -.e 40 feet deep across the low
southcrn cnd of the deposit.

Counpo~ition arnd structure of the bar arewel show;1 in a railroad cut nearly 30 feet deep
across t0 higi--:, northern part. The estcrn
ridge is ide c f much coarser material ti-.. the
eastern one. The riverward slope is aimost
sso!1y of boulders 3-6 feet in diameter. -he
body of tl.s ridge shows long, lee (cas:t r)
forc sets, srrme of them almost entirely oi I-
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ders up to S feet in diameter (P1. 12, r,Other boulders lie CIIILbcddtd in C.bl, gIse debris in these deltalike beds, dip . lgup Crab Creek valley, was rolled up the ge

Columbia slope of tse bar and ovcr the sun
Ckarly the Columbia 1 e2 n deep eiougi

sift e c rich at some tittle inc' e Cra, C
C ct .s d A rY ng a gl cial river to tirov this
foot barrier across the tributry 5 mouth.

'The Beverly bar is nearly 30 miles do
Bt1am r m the Cian curret ripples on I

flr n ,l o posite Crater cataract, pI
ltretz, l(ub, p. 400) Whose altitudes ra
fronm ISO to 20 fcet above the Culumbia
up to 750 feet-A.T. The giant ripples atidbar are probably contemporaneous.

The fleverly bar is 20 miles south of PothCataract, and its top is about coo feet lo.than the aberrant, cast-dipirig gravel
iurk. If the tNo gravel deposits, eaclt reco

Ing a greatly flooded Columbia after the plate
glacial rjv:rs had ceased to flow, were contetporaneous, and if the Columbia tsen had
surface grdient of 10 feet to die mile, hat
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the last of Grand Coule's discharge It is to beadded to the floo)ds previously listed, aund per-haps to be corriLated with tihe break-up of theOkanogan lobe danm described by Waters (1933,
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up to 730 fet-A.T. The giant ripples and the
bar arc probably contemporaneous.

The Beverly bar is 20 miles south of Potholes
cataract, and its top is about 600 feet lower
than the aberrant, ast-dipping gravel near
urk. If the two gravel deposits, cacti record.
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clearly the Columbia has be-as deep enougi
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added to the floods previously listed, ard per.haps to be corrcdated with the break-up of theOkanogan lobe dam described by Waters (1933,
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g. -). of the riv'er are about the same; the relief pravel. prmu" ts 1300-l500 fcet. Along Crabg east Creck, glacial-strear crusion has bitten a cha,.ntler nel intu the basalt a mile iide on tile bottom

n i t . ( f a r i n e ce o f t h e c r e e k ' s n e is ) , h r c s
rLtle river cal drainage along thc syn.d ehilad ly a 1,,t" s r.1.141 -uc

third of a niiie %%Ide at tie
utfp " 'he Chicago, .lwkaukc a rd St. P ul

\'n. ilroad, crossing te ColuniL a ' 50 fee
V cst (L - al i tu de), fullu s he 'a 0r of A .Te

I Cr~l- C r-c Ii rhaatarcl cast%%atid to cliri nl 0
n g e ~ ~ C J f t i t) i l s On t h e 1% c t t s i d e o f t h e r i v r ,

and this railroad climbs nearly 500 feet ( a long
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t Saddl 'fountais is clijed above an actively
kgrn ireg talus which in places has mounted only
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S Crab Cr-k CIannc! floor, 11e talus extends tothe bottom of this channel and has no concave

proc ca ndslide is a marked feature
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A the same; the relief ap.
4 j feet. Along Lowcr Crab

-..um erosion has bitten a chan.
,Iat a mile wide on the bottom
of the creek's needs), Wlherca$
cr local drainage alung the syn.
unily a narrow, %'shaped gulch
. a third of a mile wide at the
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1g the Columbia 550 Let A.T.
), follows the floor of Lowcr
ncl eastward to climbli only 200

. On the west side of the rivcr,
nls nearly 500 fect (in a long
tu the synclinal Axior en bawllt

a direct line from the river.
lIted and possibly faulted north
lie 'fountains anticiizc wCet of
I1 aligned as the cast side. Rock

rowing talus are almost com-
n this scarp. A cover of soil and
Js to the summit. Short gulches
. but they show few if any out-
iS-covered front de.scends with
sing slope, making a conspici.
lc. At the summit, tllis siope

I'l:.ces withiout a Ibreak into a
i-ieover the top.

ul~s the northern face of
as. .jied above an actively
ich in places has mounted only

4umnlit, 1500-2000 feet above
.II floor. The talus extends to

is channel and has no concave
landslide it a marked feature
de 4 miles wide between Corfu
"rfu quadrangle) extends front
ie scarp to the very top, 13,
ontal and 1200 feet vertically.
4Vstion of slides west of the
- ting by a great glacial river

e l evidence is known to sup.
Ile Taunton-Corfu slide may
tWr in initiating the Othello
'ec (l I). If so, an under.

h" been working through all.rc. 1bw1'e Crab Cicek up to the
Siciat % 'ater dokn GCrard
".e n scarclry largcr than
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cutting of the mountain front by an earlier
flood down Crab Creek alorc seems requircd.

OTHELL.o AND KooaTZ COtLEE CHANELS

MAp:. Can,,ell, Elopia, 1anford, Ofle/la and
Scootnncy Laole, USG.S.; R4-5720,

sheets 2 and J, U.S.B.R.

(Bretz, Smith, and Ncff)

Two groups of glacial.river channels !cad
south and southwest from Othello basin (P1. 1);
the Othello group (Fig. 12), crosses the axis of

the Saddle 'ota: auch as Drum.heller Car.rc;, cra ZI-e frenchman Hills fold).
and the dir -7taY Kcontz group (Fig. 17)crosses farther soudllwct, traversing a plain of
sediment:ry rock 'RirO!d formation) to reach
the Colu.Lia valley im the Pasco basin. They
carried watcr from Q.sncy basin that failed to
follow the Loner C:.b Creek channei. The
crossing Mas rr.ade at :hc eastern low terminal
portion of the an.tic!.:e and was initiated on a
cover of serimentary r.k..in part folded but
more largt!y of ur.fcdt.. l.;ngold. Deep trench-
ing into tIe deformcd b nI ows beneath has
made I.art cf Othlo C .ar.nels almost as wild
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cutting of the mountain front by an earlier
flood down Crab Crrck alore seems requir d.

OTHELLO AND KOONTZ CO1:LEE CHANELS

Afaor: Connell, Eltopia, Hanford, Othello and
Scootency Late, ULS GS.; R.1.57.0,

sheets 2 and J; US.B.R.

(flretz, Smith, and Nefl)

Two groups of glacial-river channels !cad
south and southnest from Othello basin (PT. );the Othello group (Fig. 12), crosses the axis of

the Saddlc -'ounrtain ar.cine (much as Drum.
hcllc.- C .ur...c' croSs :l.e Frenchman Hills fold),and the ditr)utay oontz group (Fig. 17)crosses farther souhwt, traversing a plain of
sedimentary rock (Rir.)!j !nrmation) to reach
the Colun:Lia vallcy i. the Pasco basin. They
carried watcr from Q.ncy basin that failed to
follow the Lowcr C:sb Creek channei. The
crossing -,%as made at :hc eastern low terminalPortion of the anticIe 

e n na
cover of sedinmentary rrt..in part folded but
more largtly of ur.f- d- Rgfowd Deep trench.

ing into 11e dzfornmlws D tncath has
made I~art Uf Othel;r, C:'.arncls almost as wild
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cutting of the mountain front by an earlier
flood down Crab Creek alone seems requircd.

OTHtELLO AND Koo!-z CO:LEE CHANNELs

AfarP: Connell, Eltopia, Hlanford, Othello and
Scoolency Latr, U.S C.S.; R-1-5720,

heets 2 and J; U.S.B.R.

(Bretz, Smith, and Nc.?)

Two groups of glacial-river channels lead
south and southwcst from Othello basin (1I. 1);
the Othello group (Fig. 12), crosses the axis of

the Saddle !-fountain an.:;line (much as Drum.
heller Ch.ar.n.e: cro'! 0-e renchman hills fold).
and the di"r ehtay Koontz group (Fig. 17)crosses farther soUIfwEst, traversing a plain of
sedimentary rock (Rir. Pd fnrmation) to reach
the Colunia valley i%. the Pasco basin. They
carried water from Q.;ncy basin that failed to
follow the Lower C:n.b Creek channc . The
crossing ':;s adc It tbc eastern low terminalportion of the anti-:r:c and was initiated on a
cover of sctldmentary rock,.in part folded but
more largdy of ur.fcid- Rrigold. Deep trench.
ing into the deforml Lc .t flows bcncath has
made fart of Othcl;o C.r.nels almost as wild
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a scaijland tnpograliy as Druanhelier, alihough Cunnefl 01. 1). Theplain (raradis lats) overonly a third as wide and a Inurth as Iong. nks cinc(ial drainage channels from fts) War-The outstanding rock basin of Othellu Chan- den c4taract to Washtuaa Coulee. The west-ncls, containing Scooteney Lake in the buttom facing scar i almost continuous froh Lind
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(Scotencny Lae map), has a closure of 1353
feet." Like DrunihI;,!!r, Othello Channels hasa scarped residual hill of the oncesovcrlying
sedimentary rock, more than a mile across andits summit nearly 200 feet above the highest
adjacent basalt scabland. East of this hill,Othello's largest channel is a mile wide and 100feet dccp in the sediments but is floored bybasalt (Fig. 12).

East of Othello Channels is a plain a fewmiles wide determined by the flat-lying Ringnildfortnat-ja and constituting a pronincnt topo-
graphic feature fromn Wardvn 20 miles south to

I When the irrigation projcct is completed, thisro.k basin %ill be Idled to its northern sill, S0 hct
A.T. %jtl a minor resrvoor, and a channel in thesouthecrn anld hither rim will be excavated ;0 fcrtIn maximum depth& fur 1200 feet tLrcugh badaIt tolead that %ater southi,ard. Iottom ater in the
Othello lacial riler here 1Oned 200 feet phill for
that distance yet coil zncd to pluk basalt fromua
tile chaneld bottom and CJryy it MAwy.

Cou!ce to Esquatzel Coulee, and its base de.scc.,ds 200 feet in 20 miles.

he nortecrnmost 8 miles of Othello Chan.nc s divergence (Othello quadrangle map) lies

in thc Othello basin where the recrd is largely
in broad trenches without basalt scabland butuith aLundant evidence of the magnitude andtrarnsporting ability of the glacial discharge.

Here four distinct, successive, terraccliLe chan-

nel floor levls, sparated by scarps, are recog.
nimable in the feld and on the Bureau of RecL.-

mati,n contour map R4-5720, sheet 2 (Figs.
12, 13), each younger one trenched into thebottoni of the immecdiately earlier one. All theseclizinels shifted southwestward, in the plan:of the cross section. The youngest, still intactand full of undrained depressions, has no cop-

iious gradient of its bottom for its 8 miles ofength. A little farther north, a remnant of thehigh st channel floor, the Taunton-Anson ter-
race, lies against the faceof the mountain (secs.
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10, 11, 14, 15, T. 15 N., R. 28 E.) and drop
off 100-150 feet directly to the bottom of th
lowest channel. This terrace i surfaced with a
lekast 28 feet of gravel anid boulders.

These channel floors aic strewn with boul
ders. Excavators found basalt blocks so largi
that, even with modern equipment, the boul
dtra could not be moved withuut blasting. Thec
must have come from Drumhellcr, travtIllinj
across the sedimentary rock then loorinj
Othello basin for 10 miles on a gradient of aboui
15 feet to the mile. Not one of the channel ter
races records a leisurely river of moderate size

Another significant feature of this broad
headward part of the Othello divergence is a
low, linear Cravel mound a little above lllC
feet A.T. margining a part of Paradise Flats
on the brink of its western scarp. A mile cast
of Othello town two active pits in it showed al-
most no boulders of basalt but many of caliche.
The gravel is forc-sct-bedded and dips domi-
nantly southeastward diagonally away from the
highest char.-el, at tbc top of whose bluff it lics.
Immediately cast of this deposit, the Flats have
caliech in place to the grass roots. This gravel
cunstituths a channl margin bar, a kind of
natural levee, like the one Southeast of Moses
Lakc town and is, insofar as known, the highest
record of glacial water using Othello's scabland
channels. The descent from the brink of Warden
cataract to this place is 14 feet per mile. hlow-
ever, the surface gradient of the river ptobably
was greater because the first altitude is on a
channel floor, the second is a channcl-marin
record. Absence of basalt boulders suggests that
the levee b:.r antedates excavation in basalt at
Warden cataracts.

This complex of channels across the eastern
tip of the Saddle Mountains anticline (Fig. 12),
composed of three western, canyonlike, parallci
slots cut in basalt and one mile-wide, equally
deep c:.tirn channel vr%,-d Largely in weak
sedimentary rock (Scootency L.ake quadrangle
map), poses a problem of origin and succebiun
in development. Only if the preglacial surface
of tI- sedimentary cover at the site of the
Channels were lowest wlhere the narrow notches
developed would any such gashes in basalt be
made. Only if glacial water denanded grvater
width than the 3 miles across the basalt portion
or if these gashes were choked wsith ice would
discovcry of the soft-rock route occur. but by

NT4 COULTI' CILANEl.;s

s the lime this happened the deep. slotlike can-
e yons and rock basins were essenti-illy oCl-te.
t Downstream sill5 of two of them are but 10 and

30 fet higher than the basalt floor of the soft-
e rock channel and one is So feet lower." No
. detailed succession of repeated floods through
y Othello is deterininalc at presctt, but prob.

fably lte bz,-siu had nto ptc~aei.,l outkct andLower Crab CrteL glacial chanel niust date
g frun the inception of Othello Channels.t

In tLh lee of the isolated hill in the middle of
the Otl.0o group is a bLrlike mound, tapering

- to a pfbirt about 4 miles farther south (rig. 12).

I t h a c,.r e of Ringold b u t is h ea v ily v eneer ed
Iwith scabltad gravel. Its n-ap~lvtJ surface hasI the ne su ' ,estivc A's as are shown in the

coil .s of tie llurcau of Reclamnation topo-

. . ... , m a il for the hills separating the three
Qiiicy Lasin channels. They indicate subfluvial
molding Ly a currrmt crossing diagonally suth.
westward from ovrfl w out of the eastern
channd. After moldrg came the scalping and
possibly 100 feet of channel deepening on each
side to make the taper form. The delit-imay
be comparablc in o-;;in to the high gr%0 rem.

Mitte it I,3V- S)Ie!n"

ltcyo.d the end of this barlike form, all
Othell. cEamnls become one, the Ringold hav-
ing bec:- swept oft the basalt for a width of 10
miles ar.d a cover of gravel left, interrupted bya few eminor scabland tracts. About 10 miles
south of the isolated hill, this wide, stream-
swept tract breaks up into separate channel.

ways edh flat-toprcd, steeply scarped, prow-
pointed, is!acd h.s of Ringold separating
th1M. Jackass Mour.tain (1Utopia quadrangle)
is the s'atl.crrniost of these residual clevat ions
"ulich d>i'-.:d the Othelk, Channels discharge,

part goir; southwetward into the Koontz
Culee group and part southeastward into
Lsluat~d Cuilec, but both eventually reaching
J';cu L. i (PI. 3).

' tc Koontz Channels (Fig. 17; Pl. 1) consist

of t o ro u.s, tine % ith channel heads as m uch

as 203 feet higher t.:n, and truncated by the

scarps of, those of the lower group. This trunca-

tion rccrds at leat two episodes of glacial-

- ;.c rd t be or, k.!& uard in dealin; ith bt.
tomt gpad~cn of thc unconv-entional giant rivcrs.is ." f kt ker, do . trran sill mu t be balanced
a caist a !. , ustr ani s. O fcct higher than the suft.
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river discharge out of Othtllo Channels
across tle Rin-ild plais.

Yet these higher Koontz channels do
record ilim earliest glacial discharge across
ph--lum. Streas that ma.de no Lhannuls lewidespread mantle of boulderle; calichebasalt sand and gravel, containing granquartzite, and Ringuld pebbles, and overlycaliche in situ, S0 feet or more above the floof the lighmest Koontz channels. ol thie suiat

. of WIJte Illufs, overloul. ii: tIhe CuIumbia;
feet ILduw (i 1T. 10 and I I N., R. 28 and 29 1
this glacial streamm debris is furesectKAli
dippiig up to IS' S. and SE. Its altitude, 9feet A.T., is only 200 feet lower than the natullevee cast of Othello town, nearly 25 nmiles ustream. Tie bedding and mantle charatct
prove that bcrg tranlspotatiun was not i
volved. Was this earliest record om the Rings
plain made by ordinary meltwater streams?
it to be grouped With the high gravel of Bacc
syniclhnc, the unchanieled, boulderless sand an
granule gravel in western Quincy basi, anmthe fine gravel apparently underlying thmarked bars in Waslitucna Coulee? Is it pus
sibly pref!ood outwash'"m Did it come from
compilctly filhvd Wasltucna instead of OthelloTime feaureless flat traversed by tie Pothol-
East Canal (Fig. 17; P. 1) 2 miles west of Nfv :
(Scootency Lake quadraimgle) has a southuard
slope and, om the Bureau of Reclamation con.tour map, carries numerous A's of contour looslike those in Quincy basin. The flat is coveredwith about 10 feet of very coarse gravel con.taining many I- to 2-foot boulders ;.nd locallyoverlyimg remnants of Ringold. This gravelcame frum Othello Chamiels and was carriedat least S miles on a gradient of about 20 feetto the lile without the development of channiels

or bars. It seems that the ncar-by channels inbasalt and Ringold did not then exist-and thatthe flood water was too heavily laden to do anydeepening on this gradient. Correlation of thisflat with some of the higher, hanging rionstzchannels seems feasible and would place it in tIerecord of the second discharge out of Othello.

so A Ilurau of Reclamation test Jit in sw 1g'Sec. S, T. I1I N., kc 29) L., fourd, in descendtig order,S feet of sand; silt, It.7 e of coae nd ih
caliche gr3% c 2 feet of fi"e, sandy sill, 5.3 feet of ha.
salt sand and caliche fragmnrnts, becath uhich wasat least S feet of v.ery compact caliclse.
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and If correct, there was no open Washtucna.
n squatzel Coulee at that time. Probable Ring.

this olsed iments bencath scabland gravel in lower

th 1VAslmtucna indicate that the plateau drainage
and sterin was well developed in basalt before

ind Riig,ld deposition. This part of thmc pre-it, Rinvld W2ashmime.-lsqiuatvel Coulee may
ng have been still uniexhunmed when this second

os glacial discharge took place. Or it may have
it . held a norm al outwa sh of pre fimod age.

.) I cea .vation cane after de uosiion of ti e
, grav el ca ll on ti e flat w est of tesa asd w as

-A 0e1 ed by glacial flood water. Scabland chan.

00 nels were also initiated in later stages of this

al second flooding although most of them were
P deepened during later floods. Younger bars
nr superposed omi older bars in squatzel, de-

mI- scribed in later paragraphs, require at least
!s a fourth flood.

Is T e nort!.crn ost Koontz channel does not

n reach the Columbia. It opens westward Os a
d im d plain at about 800 feet A.T. (hanford
d quadrangli map) which descends to 200 feet 4e or 5 miles farther west and there terminatesi- im te White fllufis summit (Fig. 17) 300 feetabrc tlhe river. This channel has a small dis-
- tributary 1.:nging about 73 feet higher at bothct,; diserefore it is not to be cxplained as ashmllmc r cointemporancous spillway.

These channels differ from all others of the
group in failing to reach tile Columbia bluffs.Lack of channeling across the intervening plainindicates that a Columbia flood covered the

flat when they functioned.
All other Koontz channels reach the bluffsummits a few miles farther south and have

haanging mouths. In Rs. 23 E. and 29 F. (Han-

frd and Scootency Lake quadrangles) deeperchannels truncate shallower ones to providenutclies in the chif summit ranging from 525to 773 feet A.T., all within a 4-mile length ofthe bluf. Not all differences in altitude can be
imputed to difiering depths of water in con-
tenporancously operating channels and do notsecim adequately explained by a lowering of the
Columbia during one episode of Koontz channelactivity. From tile channel-mouth relations ofthe entire group, there appear to have been atleast tlmrce cp'sodes, each succeeding one find-

in a lower lcvcl of water (or debris) in the

master valley.
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EARIER Ff"OING IN QUI

EAktLIIX FLooDtNo IN QUINCY As111
OnuerwO BasiNs

(Bretz and NeI)

For simplicity and clarity, discharge of
Warden catar. -ts has been prcsented as part

I of the cari.'t glacial oveAfiuw from Qui..cy
I babin, coimcilemit with th.at over the thrke

west-rn cat--racts and with tile discovery of
; basalt in any outlet channel bottoms. This was
I time writers' interpretation in 1932. Neff's

subsequent stuilits, however, have umicmiemd
evidence of earlier and higher flocdin;;s, the
record apparently convincing but not detailed,

- and with sonic correlations uncertain.
Neff's evidence consists of hundreds of

erratic ilock, on the north slope of Frenchman
I ills and the cast shlpe of htsicock-Everlreen
Ridge, sonic in clustcrs, sonic with associatcd

- gravel, up to 1360 feet A.T. In addition is a
significant little strean-cut notch acrots the
Evcrgreen sunrnit a mile north of Frenchman
Spring cataract, its floor at 1350 having a

. deposit of west-dipping fore-set gravel 5 feet
thick and terminating at the western end in a
cirquelike waterfall alcove, well showi. on
Sheet 2 of the U.S.B.R. map R-.5720.

A few bou!rkrs have been found at a coin-
parable altitude along the cast side of Quincy
basin,and a tract sevcral miles wide (cast-west),
denuded of its Palouse locss down to a caliche
zone, margins the Willow Creek-loses Lake
trench from Rocky Coulce to Warden and lies
below an altitude of about 1350. T7is .at has
almost no southward gradient for the 15 miles
of its length, and it disappears in the latitudie
of the cataract. It reappears at a lower altitude
east of Othello town, south of tlie Frencrhman
Ilills and Lind structures, with a caliche pave-
ment under a thin locss, and there has stream
gravel up to 1160 feet A.T.

These boldrLis and this flat in Quincy basin,
100 feet higher than the Warden cataract brit.k,
indicate that the siJimentary cover at the size
of )runilc!h r was sufficiently thick .nd k.
teisive to have brr f)y held back the body of
water responslt'e for flotation of tile boulder-
carrying bergs and the scour of luess from the
flat. I here must hiave beeri adequate volunre to
supply this discharge and the four spills acr

alibcrck-E~vcigreen, threc of which bec.ine -

great cararacts in l:iter floods.

NCY AND OTILLWi ISASINS 999

Othello basin has some erratic boulders on
the south slope of Frenchman Hills up to I180
feet ad apparently must have been sufficiently
enchmscil for their flotation. The residual hill
in the middle of Otlidlo Channel is good evi-
dcnce that this basin's south rim originally
stoid bih inu-h for such closure. A low
s"iimnit aiitcIh on Freidinman Mills (Sec. 21,
T. 17 N., It 26 L. Smyrna mali). altitude about
1370 feet AT., sparates boulders at 1360 on
the north frnm bouldtrs scarcely 2 miles distant
oi te " at IISO. A 10 foot grater depth of
flood watr in Quincy basin would have spilled
acr%s this .rigilcial divide. Since the caliche
cap in the notch is intact and thlre i% no scour
on the siloe down to 1 IFO, water in the basin
apparenty never has stcod higher than 1360.

Othello Chainls h.as an accessory stream
charamil acru-; S.dJ',c Mountains ridge uith a
floor at 1150-1160 in a notch originally
hottomtd at 1190 or lcss (rig. 12). A neighbor-
ing notch fi.,rtd at 1210 was not uscd. The
two lie abujt 3 rr.lcs .-.ct of the nrain Othello
scabland (aico tcnty Lrke quadrangle map).
Discharge through :he channeled notch appears
to avc g-n.c h;,:. a - hi-h-level Koontz
chainne i!, te~r ie.

At the t;.. o _.' s ear!.cst-recorded Othello
basin ood.og !:.: 'Lsharge across Saddle
Nfoti:tains axis, c ,. n ao wcll-opencd Lower
Crab Creek : .i astJ or the water gap of
the ColunmLa -. r .,,cs- was closed. Ponding
in l'acco Las.. ar.. :.-rcfore in the gap, cannot
explain the d~jc.:g- southward across the
anticline. I'-siby the great Taunton-Corfu
slide Wa, a f:.ctnr, L It is much nore probable
that the co-c. c: L.er Crab was still largely
unexcavat:(! Ld.. c level of the R vy-l Slope,
a broad structIr; t.r ac above 1150 and some
25 miles far:c - " c Tritiation of both Lower
Crab and Cr ctnc!s apparently came at
this time.

\WAsim~C A Covrm

.ifaps: Benge, Cc :E:!opia Ili.:s, ll'ahltucnra
q:,adi r :' I;: US C. S., R4 .5.'0, sh,:ct

3, USB.R.
(ht-.:z a-d Smith)

Glacial dr niga '-m the north entered the
pregla6al l.2~;: h i. vallcy in mid-length

1.)
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and followed it for about 2S miles, denuding
more titan 750 square milcs of the Chcney-
Palouse scabland tract. In the vicinity of
Ilooper aand Washtucia, where the Palouse and
Snake rivers were flowing parallel and about 10
miles apart, the distribution of scabland shows
that a large portion of this glacial water
escaped southward from the Palouze Valley
across the divide and entered the canyon of
Snake River, making scabland of the divide top
(PI. 1). I'alouse River today is detoured front
its former cuurse along nuw streamless Wash-
tucna Coulce into a striking, joint-dctermined
scabland canyon which cuts through the pre-
glacial divide. For some reason, perhaps in-
coinplcte re.noval of Ringold fill or of pre-
scabland glacial outwash in the old course,
Washtuena Coulee could not carry very much
of the glacial water. Bretz insisted that the
divide crossing was because of a volume far too
great for Washtucna's capacity. Allison would
doubtless explain the short-cut by an ice jam
somcwhere down the abandoned valley. Flint
specifically referred the spillover to an aggrada-
tion of the lower Palouse Valley (Washtucna
Coulee) until overflow was inevitable. He
supposcd "a very low route" available across
the breached divide. Washtucna Coulee has
another scabland short-cut to the Snake across
the divide, 15 miles farther west-the streamless
Devils Canyon.

Near Connell, about 35 miles down Wash-
tucna Coulee, the character of the old valley
changes considerably with entrance near that
town of glacial drainage fiom Othello Channels.
Thence downstream, it is known as Esquatzel
Coulee. Some hitherto undescribed and some
disputed features of Washtucna-Esquat::el are
significant for a successful theory for the origin
of scabland.

Staircase Rapids arid ius Bar

Staircase Rapids bar, 1-3 miles north pf the
town of Washtucna (Fig. 14; P. 1; Washtucna
quadrangle map), lies in the mouth of a
tributary entering from the north at the head
of the abandoned portion of the prescabland
Ialouse river valley. The bar was made by a
small, divergent strand of water escapi:zg west-
ward from the Chency-Palouse tract and
entering Washtucna along the short tributary to

I.

the old Palouse. The deposit, 150 feet thick, lies
in the last 2 miles of this tributary but does not
make contact with the east side. Flint (1938,
p. 478-479) noted (1) south-dipping fore-sets in
this bar as constituting "more or less flat-lying
lenticular courses" instead of delta fore-sets,
(2) terraces on the south face of the deposit
which Ilretz had described as a deltalike front,
(3) cut-arid fill bedding, and (4) failure of fore-
sets to parallel the eastern slope, also in-
terplrcted by Bretz as a cnnstructional front.
li C cfcluded that the deposit is but a remnant
of a more extensive valley fill, and held that
the unfilled eastern part of the tributary valley
mouth was the result of subLequent disscction
because he found "a thin but distinct cuvering
of identical material" on the eastern slopc.

Al:son (1941, p.69) accepted Flint's interpre-
tation although he upheld lBretz's view that the
eastern front had "constructional lobings . ."
because of "a reshaping .... JbyJ a later dis.
charge".

Flint's interpretation of Staircase Rapids bar
contains faulty reasoning and is In serious
conflict with several lines of field evidence.

(1) If his cencral picture is to be internally
contistent, his episode of aggradation must have
begLn, in this region, with deposition at the very
bottom of the preglacial Palouse %'alley and its
equally deep major tributary, Cow Crcvk, which
enters from the north. For the Staircase
d% ergent spillover to occur from his "shallow"
Chency-Palouse river, the floor of Cow Creek
valley had to be aggraded until it was close to
the atitude of the divide at the head of the
Staircase tributary (Fig. 14). At present tiat
woaud require nearly 400 feet of filling in Cow
Creck valley. This figure should be reduced by
whattvc- deepening that valley had during
scabland making. The three rival interpreta-
tions, however, consider present depths of the
main preglacial valleys largely to date from pre-
scabland tine.

Only gradually could main valley bottoms
have been raised by the procedure on ahich
Flint insisted Thus the mouth of the Stairca%%
tributary gulch would inevitably have become
bock.ifel:d from Washtucna's rising fill long
before the Papids coeld take origin. Four
hundred feet of fi!ing in Washtucna would Lave
back-fIied the tributary mouth 100 feet higher
than the present top of the deposit and would

I.
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have produced only back-dipping fore-sets, if
any. Only at the very last of hlint's episode of
segradation could any glacial water have bcen
dctoured from Cow Creek down Staircase. It
would have found the little valley mouth
already filled!

(2) The head of Staircase Rapidi, interrupted
by a small locssial island, is 3' miles wide, and
the brink of the uppermost falls is 1625-1630
feet AT. The "bar" surface, 4 miles down-
stream, is 1300-1323 feet A.T. Flint took that
surface and associated thui grasd to thi east
to le "reminants of a continuous fil graded to
tle fill in Washtucna Coulce". The gradient of
any fill along the Staircase tributary valley
therefore was 73 fect or more to the mile. It
can be reduced to about 50 feet by considering
the "bar" surface originally to have been 100
feet liher. Even this is an impossibly steep
gradient. A proponent might conccive thcrefore
that this channel never had a fill upstream from
the "bar", that its scabland was mnadc during
the gineral aggradation, not afterward as Flint
believed.

(3) It is impossible however to adjust this
alternative to the fill alld cat thtrv lecaue a
mile west of the head of the pzJs the western

part of this divergent Chcncy-Palous. strand
entered its own separate spil-.y at close to
1673 feet A.T. (Fig. 1-1). Fur Flint's shallow
glacial river cver to reach the head of this
,estcriimost strand, a rill nearly 50 feet thick
must have exiated whcre tlheupp.rmost cataract
brink now stands. Thus a ornce-continuous fill
along the Staircase tributary to the "bar" is
demanded, and its gradient must have been
nearly 90 feet to the mile, instead of. his
estimated 13 feet for the aggrudation in the
Chcncy-Palouse-Washtucna tract.

(4) There i, honever, n gr-.dient shown on
the topographic mal) for the entire 2-mile
kmiglh if the "bar". Instead, an undrained sag.
a mile long occupies the v:lley b.tom at the
head of the bar and, upstream from it, descent
over the Rapids is 330 fect in a trifle more
than 2 miles.

(5) Furthcrmcre, the bar top is 100 feet lower
thaia bases of locssial scarps 3 niles distant,
almost directly across Wanhtucna Coulee. Ily
Flint's view the flat-tmpped gravel emnant in
this protected place should be as hiigh as near-by

scarp bases, 1400 feet A.T. From Flint's
gradients the original surface cd this deposit
would have been 130 feet still higher.

(6) The only two scabland channels which
cou'd have carried glacial water to erode the
inner valley along the east side of the bar have
hsAds but 23 feet lower than the low brink of
the uw:rmost Staircase falls. Yet the deposit
%%as trenched (?) 150 feet deep and not by
Staitc."e discharge. Nor can the supposed
trit , hi.g lIe ascrilbed to postelacial streams for,
aI .ke tIe junction of the smnall clianonels with
Sli.msaie, the latter carries runoff from more
thai 16 square miles, the former from only 13.
.lcvn square miles of Staircase postglacial

drairnage enters the closed depression at the
head of the bar and has not yet obliterated it.

(7) The two minor channels become one on
the Lcne-Washtucna quadrangle boundary,
II m.les northeast of the bar. In each, a little
above the junction, there is a flat-topped, un-
dissectt. gravel flat (at 140) and 14-0 feet
A.T.) wk:h steep, downvalley-facing terminal
slopes and fore-set beds descending-about 100
feet to an empty channel floor. Gradient thence
md.. nta is 73 feet in the 1P miles, termi-
n:A ;:. the silt-filled flat with intricate
nm!w.:i loca~ly damnmned by one of the Stair-
case L.:'s I.bations (Pl. 9, fig. 2). Gullying in
this fiat shous Is feet of postglacial silt and
samd v.ith root casts. A large vertebral bone %sas
al f-ui2. tpstrcam from the gravel flats are
lug b,.t demnite scabby basalt outcrops, one
kdc ccr.:ituting a waterfall more than 40 feet
high wi;th a plunge basin recognizable on the
tuo pAcrncMap.

Ti-.c features record the same kind and
til;:.L f cxpwricnce that is written in Staircase
Rap., a..d c:.npletcly disprovc Flint's thcory
for the rgin of the 150-foot treinch alungside
tL. Sta'.:case bar.

(b )i:.:., the volume snd vclocity of this
nmimr d. rgence could never, by Flint's
mineprtation, have made the giant current
rijpk or the bar top (Pl. 9, f. 2). The deeper
part of thc deposit could be a remnant of pre-
flx-d, r,'rn-al outwash (largely removed from
Wrzsh!.;:r.a itself) and modified by later flood
'aicr, as A!ilson thought, but, if so, it must
age L--, a backfill. The southward dip of it

f..rc.tm dxAs not agree with this view.
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Allison's theory cannot explain the Staircase
divergence unless the Clieney-Palouse tract
was blocked with a hug. ice jam in place of
Flint's ill. For the westernmost distributary
strand (item 3) to have nlkrated, another ice
jam must have formed along the steplike
cascade, 31 miles wide and nearly 50 !.:ct
thick at the upIjIer end. The wonder is, here
and elsewhere, that only the larger streamways
became clogged; that minor ones carried off all
the floating ice which entered them or were
savcd by timnely failure of the major chan,cls'
blockades.

Other Deposits

The U. S. Geological Survey map (1954) of
Haas quadrangle shows large i patches of gravel
(Qsu) associated with essentially bare basalt
(Tcb) along both si(is of Washtucna Coulee for
12 miles southwest of the coulee head. Near the
head, gra.-el-covered areas extend a mile back
on top of the preglacial coulee bluffs and touch
the base of loessial scarps at 1400 feet A.T. The
material is dominantly sand, granule gravel,
and coarser basaltic debris, subangular to sub-
rounded and stratified i.. thin lenticular fore-
sets. It obviously is the marginal deposit of the
highest flood, more than 100 feet above bltff
summits and 400 feet above the coulee floor.
Recognized in the map description as scalbland
gravel, it is as high as locssial scarp bases
margining the Islousc-Snakc divide scabland
and therefore cannot record an early valleytrain in the coulee. A cecniparablc gravel-covered area on this divide summit, 5-6 niles
distant, south of looper (shown on Starbuck
geologic map), reaches 1320 feet A.T.

Directly south of Washtucna town,a local hill
of gravel rises from the coulee floor (about 1020
feet A.T.) to a summit more than 1200 het
A.T. (NE )I Sec. 33, T. IS N., R. 36 Y.)
(Ilaas and Washtucza quadrangles). It lies in
the lee (west) of scabland knobs on the south
side of the coulce, but its summit stands free
from the coulee wall except at the head. It is
half a mile long, as is the fosse between it and I
the wall. The deposit terminates to the west in
a rather abruptly tapering nose bet wccn the a
fosse and the coulee floor. h

The Spokane, Portland, and Seattle Railroad i

has made a long cut 30 feet deep through the

hill's lower, nothrn edge, ad, although
structure is longer decipherable, comlosit ion
is tell shon n. There is none of the size sorting
on %%hichl Hint based his theory of aggraditin
by moderate streams. Boulders up to 8, 10,even 12 feet in diameter clearly are broken
columns from the scabland kniols at the
proximal vid. No strata of boulders are indi-
cated; the big pieces lying at random in the
cobble and p1bLle gravel. At the distal end of
the hill the .material is all well-rounded pebule
grave!, the fancst material of the entire e-lpsure.

This gravcl hill, standing almost free from
contact uith the coulee wall and partially en-
closing an unf lled tract back of it, %%.is made
by a scabland river flowing down Wa'htucna
Coulee. It is not perchd on the valley wall. Its
summit is 73 feet lower than tic lowest spi~lover
across the lalouse-Snake divide. The fosse is in
no sense a gully of postscabland origin. The hill

is a bar of carse detritus in the protected lee of

knobs hic. cousributed boulders to it only

under the urge of a stream adequate to detach
and transprt th-n. That stream was at least
200 fhI. d' r'At Sperry (or .Ic.Adam) siding (PI. 1; Pl. 12,

fig. 2; qua 'rangle) a deposit of fine-

textured, c sorted gravel, with a few strata
of nut- to egg-sized pebbles, masks the north
wall of Was itucna Coulee. Texturally and
topograplically it would fit the fill-and cut
theory, but iks structure is that of ng fore.sets dipping 20* throughout the entire 40 foot
pit wall directly i:!o the coulcefrom the higher
scabhrt eIv:,s. The dip parallels tile slope but
is a little steeper (see Flu. I'l. 4, figs. 1, 2).
The forc-se s, reaching to the bottom of the
coulee, prove that Washtucna had no fil

(ave preset bottom level) when these fore.

sets wre made. The valleyward slope is

ssentirlly constructional It may have a core
of older gra% el.

There arc two gravel deposits near %c east
end of Washtucna Lake (l'l. 1; Iaas quad.
angle). 0..,, at Harder siding, is about a mile

ong. It lies against and largely covers the
iorth wall of the coulce. No section wasflorded, but the form is significant. The deposit

as a flattish top -hich breaks smoothly overito a steep v:Jlcy-.--ard slope. But that top is
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not level! Along its length, it lopes down
the west, ana the departure from horizontali
is 3* (Pl. 12, fig. 3). In other words, its cast en
lies approx*malcly at the top of the coulee wal
and it. west end, a mile distant, not far abo%
the bottom. Should such a form be called
terrace?

The other deposit near the lake lies south
Wacota Siding in the lee of scabland eminence!
Its surface slopcs even more steeply westward
the - tpness increasing at the terminus whicl
reaches lake level at lhigli-Water st juvs. A pru
fusion of big boulders lies or the floor of the pi
in this dparsit, but no structure was seen. Thi
form and size are perfect for subflL'vial shapinjof flood debris lodged in this place. The locatior
down in the basin of this lrke without outlctis
an awkward fact to fit into Flint's theory.

About midway between Kahlotus and Etes
(Connell quadrangle map) a large gravel
deposit conceals the northern scabland wall for
about a mile. Three pits in the base of its slope
yield a well-sorted, pea-size gravel. The
bedding at the west end of the deposit dips 20
toward the valley through 40 feet of exposure.
In a few Ilaces interruptif:g short fore-sets dip
away fror the valley. Two other pits show long
forc-sets with a S-degree dip tow.rd the valley
and a 5-degree dip along the valley, rc-
spcctivcly. The top of this 'eposit, above which
is scaliland, is flattish and descends westward
with a 3-degree slope throughout its lcr.. 'h
and tapers out for no apparent local reason.
Should this form and structure be interpreted
as simply a terraced remnant of a once-
continuous fill?

Just west of Sulfur Lake" in Washtucna
Coulee (l'l. 1; Connell quadrangle np), a
sno. tily round x, east-west elongated, gravel
hill about ha. a mile long stands out on th.
coulec floor. Its top is more than 50 feet above
the adjacent coulee bottom, more than 100
feet above near-by Sulfur Lake, and more than
30 feet above an undrained deirsion (a
fcossc) on the north side of it. There are no

2 A serious flaw in Flint's explanation, noted byAllison, is its failure to account for the Sulfur Lake
depression. The basin is 12 or 3 miles lng and
more th~an IOU feet deep in thne bottoin of onic of thevalleys 'hoie flI Joe belicved was remnocd by later
rnrilal glacial river wtork. It Itas bare scabiandbut its in rnid-channel at the lake.2)

ED SCAL11-AND) OF WVASlirP-TON

ty cxf r vs. most of this nea ly mid-channel hill

dY is lo .cr than tie site of Cunn -il; i., other

id words, it stands dewn in the long, dosed de-

ll, pression of Washtucna Coulee. It is not

T "pccl ed" on the valley slopes. Bars are
a equilibrium forms in stream beds. Some may be

of erosin'al origin, sh pFd from older alluvial

s. d sits. ..t only a stream capable of maing
t. th l-mnle long, 100-foot dccp depression; could have sci. ptured this hi!l from a formerIt cortinuous vadlvy f(il.

- A fili in the niouth of lardesty Coulee (Pl. 1),

S which enters Wasitucna fri the north justecast of this mid-chiannel hill, has a flat, level;. top close to 1100 feet A.T. and resti on basalt
in the gu!ch at about 950 feet. Much of it is
Lraiule gravel of bluish-black basalt, but it has
strata of nut- and egg-size pebbles. There are
culU-s and nalIl bouldc:s of quartzite and
gVai te on the coulee floor. Sections are poor

and show on!y indistinct horizontal l edding.

urr: er.cath portion, of this gravel are silts

aid sans, the basal part containing a thin con-

glomerate of basalt and the whole takren to be a

re mrnma t of the R :ngold form ation. If -so,
IJl:id((y CuC,.e wts a valley eroded in basalt

etscr ialy to present depths .hen the Pingold

was deposited.
Although there is no definite knickpoint along

lowc: ard esty, there is a pronounced narrow-
ing wl.ere the stream enters and crosses this
gravel f!u, a narrowness that has persisted while

and since, according to the fill-and-cut theory,

Wa stucna Coulee was essentially claned out
by t.c s4bscquent erosion of a distributary
from the Cheiey-Palouse tract. Trenching ofti.e gravc! d ; it has con'ributed to filling ofthe Su!,ur Lake depression which nevertheless
is sl 100 feet deep. Debris from HIards tycannot get oit of that hole.

-e fi! at the mouth of Hardesty has a goodterrace furm 1*0 feet above the lvel-of the
Conntl! "Llocade" although more than 100
CL. blow the base of loessial scarps. Its

co:Npos hion *dcatcs consanguinity with those
other "terraces" %%)ose flat tops slope down-
co-,;e. Its constriction of the tributary valley
scems q,..:e oit of harmony with ti. ,icture of
est-'--Ey G p!cte valley re-excavation of

asl-ucna by a river of moderate size.
kattlesake Coulee (Pl. 1; Connell quad.
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renders an interpretation speculative. But the
nearly continuous and nearly unifwn slupe
and the claracter of the deposit in pits at
Councli suggest that it is a record of back-
filling fruot Othello discharge subsequent to
Washituclia's gla1cial river. 1h16 wvould h(Alp
explain the Sulfur l.akc depression. Silts over-
lying coarse scabland gravel at the lake may be
contemporancous with deposition of the Larrier
or may rtc,'rJ a postglacial lake.

SupIprs tiari the view that the gravel at
Conmil and in the mouth of 1'rovidence Couke
came from the west (from Othclio Channel)
arc strong castward components in the loin;
forc-scts dipping back up Providence and the
occurrence of other eastward-dipping fore-scts
in a small pit not far west of the railroad
sectionl.

One serious objection to this interpretation is
that the Colnell deposit is more like a valley
bottom fill than a delta. Another is that the

bedding in a shallow pit at Curnnell is fore-set
we:,tward. It is conceivable, howcver, that the
divergent strand from Othello Channels was
succeeded by renewed functioning of a placial
Washlucna which rewoiked the upper part of
the coulec bottom deposit, giving it the aberrant
slope and a superficial for-set structure with
westward d.2

" A gravel deposit along the highway 4 miles
directly south of Connell is only tentatively inter-
preted by Ilryan (1927, p. 27), Flint (1938, p. 51S),

PLAE 13.-SCAl]

Unlike Washtucna, F.squatzel Coulee varies
greatly in width, ranging from an eighth to
three quarters of a mile between walls. The
towns of Ntesa (Scootency I.ake quadrangle)
and l.ltopia (LItn-ia quadrangle) mark two
nrrox. plces, and thert. rre three others less
striking. Their significance lies in the massive
gravel d(lcosits constituting very local hills
ulhid. contrict the old valley in these narrow
pl:ack. They are not "perched" deposits. This
.dl u.ae lw tween l'. 1natrd and Waslhtucna is
a tharec t co'requence of occupation, at least fronm
MIesa southward, by one of the divergent
strands supplied from Othello Channels.

Two of these gravel hills oevrlapling the
coulke walls, one a mile south of Mesa, the

and t-e %riters. It occurs on the slopes of Old %laid
Codet, a tributary entering Esquatlel frunt the cast.
Its a'tituJe, 105.0 fcet A.T., is about tLat of the
hiph.est scab!and in the larger valley. Flint reported
a it soL horizon *c unsting of 3 to 5 feet of calichi-
fic s.t aT.r firm jire caliche", underlain by a domi-
nantly Ls:l&ic gravel ranging fruin granules up to
bou.;rr-s 3 fect in diameter, and overlain unconform-
ably by I ouchet silts. Qaartzite and caliche pebbles
and sand with feldspar&, micas, ek., occur in the
coras2.::Llly dcayrd b.salt gravel. Fore-set bedding
dips er-: ad.a- , ,' n a'vng Old Maid Caulec.

-.: there is no sWahland in this coulee nor any
scarp un notch at the head ^here glacial
water rnight have overflowed trom Washtuena
Co..e r.ad intrurced the foreign material. The
cahcke cap also sets the dtposit apart frm all scab-
land gavel ever described. Nevertheless, it probably
records a meltwatir stream across the plateau. Its
3-f4.: lIders indicate vigurous erosion sornewhere
enri.. , and the cafiche pettbes suggust a stream
that ocrra:, surfaces above valley bottoms.

LAND DETAILS

FIcuar. 1.-Shoulder bar. Note parallelism of ripple n.arLs w.th gruwing (northern) front of bar and
their eCtension from summit down southern and westcrr s:'res to cornv:ste the crenulations shown on
llaas topographic map (see ri,. 21). Production and Mal 'r;; Ad-. p).a CCII-16-197.

FicvRE 2.-Part of bench between nabcock Ridgc ar.d Ciuorma Ri.-ktr. Threl contrasted surfaces are
shown: (1) the northern part u ithout scala'nd, (2) oller s-.d aj 3, youingcr scabland. 1T-Tinidad
or Crater terrace. WSD-Willow Springs Dr.w. G-gravl : f-ravel b:rassociated ,ith- o.Jr ac;.Aand.
O-gravel marginal to youiger scablarJ. Northward este:."n of the ko.-cr clifl up into the motth of
Willow Crrtvl Draw shows that Colunbia \'alley and the b.. had 1ri.:set depths before any scalland
was made oi the tiench. U. S. Army aurial photograph

PLAI. 1 .- DIARS NEA R ME.SA
FrIUR.E I -Interrupted panorama of terminal ivrtion o tar wuth of to.sn. Looking north. Fore-set bed-

din; for full height of each pit dips as shown by arrows. On?) s4t clir g has occurred between bar on
left and (der gravel on hiclt. I'hrso by 11. T. U. Smith.

Ficukn. 2--Face of bar north of tL.n. I.ukinig rsct ar...owing the g:.!h across it, the southward
slope of ts animit, and the duo n-cou4l tapering out of th .:0it ' ooy 1I. T. U. Smith.

Ficusr 3.-11ighway section tlrout.h bar nurth of to.rr L.wkir.g s-ath. Structure shows that valley-
ward slope can only be constructional. Photo by 11. T. U. Sanuh.
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ucr .squatzel Coulce varies
I.. mg fromn an cighth to
. .lile Letwccn walls. Ile
(Scooteney Lake quadrangle)

Ittpia quadranglc) mark two
andI there are three othcrs less
ignificance lies in the massive

constituting very local hills
the old valley in these narrow
not "perched" deposil;s. This

-n Esquatzel and Washtucna is

:ace of Occupation, at least from

.1, by one of the divergent
from Othello Channels.
gravel hills overlapping the

e a mile south of Mesa, the

occurs on the slnpcs of Old Maid
enteringEsquatat I fron the tat.
Ivet A.T., is abtaut that of tile
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tvel ranging from granules up to
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d basalt gravel. lore-sct bedding
1. dow along Old Maid Coulee.
scabland in this ciulc nor any

lc at the head mlncre riacial
e overfioned frm Washtucna
.u. d the foreign matcrial. The

. it apart from all scab-
o~everthlesa, it probably

r m across the plateau. Its
-C avigorous erusion somen here

caliche pebbles suggest a stream
'(s above valley bottoms.

-.in- (northern) front of bar and
titute the crenulations shown on
--to CCII-16-197.
cr. Three contrasted sur'aces are
youngcr scaldand. TT-Trinidad
-ir associated A ith oldcr scahland.
*Acr cliff up into the mouth of

.ant depths bfore any scatland
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ESQUATZEL COU..E -
other a m ie north, have excellent sectios lightening. 1007U l ngtd fo n e

b l 4 T e s r is So c t high a t its Su m m it p a ra llel, h l , ro u n e
b l u n , o t v i s r n i i i w e r t s a d f r e S e p a r a t i n g t l . , u l , u i e r c d ' l e l pS rAllel to, the valley will. On the against which thle hill rests is of travel or atvala lya d side, the hill has three or ou lest c vered w gravel. It is markd by

lateral obations cut by the highway and one broad shallow gull". faue wi tke hy
afforded by two large better sections are itself does not possess FxPOsure s in thisaffoded y to lage pts.Slightly 

Sullied valley Slope show a fine.
All these cuts show long, uninterrupted, textured gravel with Lut few medium to large

deltalike fore-sets dilping downvallcy. The pebbles. The fine gv is apparintly olderlarger pit wall (l'l. 14, fig. 1) shows .10 vertic.1l tll the cotrw. Yet there are dcinite Col-
feet of sucla bed% dilililg about 20* and strikig srueti, mournigs on itsdsli ieessentially tangent to the curved end of t srfe aid bo d n its elightly gulbehill. Thcre arc no horizontal strata and no bars. vpsits are judgcd to begranule gravel, sand, or silt members. The The deposit north of Mesa has a guld, Cut

gravel is all moderately coarse said moderately through it (Fig. I5; rI. 14, ig. 2). It is a hlhl of
worn basalt, with some cobbles and a few gravel b ilt ag i r, gravel.cover bouler, 

grvUcoeeboulder pSlopes a fusse with its central part still un-
The form of the deposit is equally en- drained lying betwen. The hill summit

PLATE 15.-CRAVEL BARS SOUTH OF SNAKE RIVER
Photos by H. T. U. Smiths

FIGURE I.-Pit section in. northwest part of shoulder bar. False and true fore-srt bedding in lower kft.
One bevets tlac other. 'Nate A fecec (M in Figures 1, 2, and ..FPeivE 2.-Pit section about haltf way down bar frontFictiat 3.-Pit section at toe of barFJCURE 4.- Trickle bar south of Lyons Ferry

PLATE 16-SCALAND FEATUR IN MID-WIDTH AND MID-LENCTII OFClIENEY'.PALOUSE TRACTFand ag I.-Scabland with loe islands. Scarified but not deeply channeled scabLuw with t
and prowpointed lossual islands carrying unmodified minor pireglacial drairaanI r ites above floodscatrped
One of thens alo has a minor channel across it. Light areas are "beat stubble, dark areas are sumnmer fallow
or fields nely plowed. Part of T. 16 and 17 N., R. 37 E. From roductiont and Marketing Adm. mosaic 7,Adams Co., Wiash.Fievsar 2-Ciant current ripple marks. The local scabland '"clannel" is 114. mj;es Wide bett-eedt two
smnall loessial islands, part of each shoming. A larger "channel,.. containing thaset isands, is s-9 miles side
and is bounded by two larger islands. Overall %idth of tile Clkcney--P;,o sc tract at this Place, downstream
from all distrillutary routes eccpt Washituctia Coulee saot1 ote. iure I sho., a the general character
Of island and scabland relations a few miles h ce about 1h . ilcs. IWidth of the small chaannel" of the particular "stream" which left the concentrically curved current
ripples is a quarter of a mile, approximately that of Snake Jiver in flood today. It apars to be the prodnt
ofa liter and' snaller flood laich here traverscd and inciard an earlier gr.vcl d.1. h.," Oi the ri~ljt is a doublc
Scarp, the upper part its lss, the lower in the older gr.,el. This ripple-maarked 'Char.ne" is only part of
an anablodmosis te gravel $Carlo and ripples of a contemporary 'thannel shown Or. the kit. Relief of the
ensemble demanded thice curves in the railroad to reduce grades, two of them zhion in the photo. The
higher gravel deposit wi thle right is thus shown to haved a broadly rounded tcrrnus of bar, not terrace,
character in the lcc Of die loessial island. Profile supplied by the C.b, and St. P.R R., indicate that the
railroad grade rises 20 feet in crusing from tle uest side yof tile area to round tie ti of the ,La to the east.
Scaled from the photugrapha, tle wave lngth Of these ui atph-s is 200 feet. ity Sec. 18, 1. 18 N.,Production and Marketing Adm. ploito AAPe-.T .2
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undulates thruu h minor sags and swells that and strikes parallel to the frontal slope. CobbIesfail itato a flatt~h prurile when 'iecd from an and buuld~ts arc not Abui-daut, but pclecs areequal height on the opposite side of the coulce. large alnost throughout. A pit at the south. lee

44
'v

___ 5 -/ i0' E *

zz .4 ..
1

*

C,

* *

W9
N 'C

CD: I. X
- I,4 -- , -

Ficivitt lS.-H~k NOWTU OF MAZAShowing the flattish free termi4us (ontours 700 to r 10) an the ur'drained fosse (570 contour). Par* ofU. S. 11ureau of iteclanation map G-5473, contour intvrsal 2 feet.

This profile descends southward, downmalley, end of this valleyside hill shows rather fine'ith a slope of 4*. The hill narrows and lowers grdvel, wzth sporadic srnall bouldcrs. It al-to its terminus, free from the valley slope. shows a lens of silt and sand 3 feet tl.ick, lyingOverall lcn.-th is 3000 feet. horizontally in tire gravel. This coulJ well be aThe road along the gulch afTor-6 four good deposit in a quict water hole in the lee of thesections, all of ohicth show delta-type fore.ss bar during its grth. A few days at the mostfromn top to bottom (ITl 14, fig. 3) with dips would suffice for its setfin..prevailin~ly of 20' toward the valley bottom It is argucd here that the fore-sct bcds do not
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:el a'e frontal slope. Cobbles
n ndant, but pcbbles are
.ugtidu. A.pit at the south, lee

A, T-,
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silted fosse (870 contour). Part of

ileYside hill shows rather fine
*irallic snall boulders. It also
%;:L and sand 3 feet thick, lying
thle gravel. 1i could well bc a
-:d 'later hole in thle lee of tile

r~thA fess day-s at the most

erTJ t thle fore-set beds do not

ESQUATI. COULEE 1009

record addition of their gravel down the slope Washitucna glacial river was then flowing,
from abore. The contributing current was Upper Crand Coulce had not yet been com.
flowing horizontally past the growing bar face; pkcted or was tempor.rily blocked by the
the gravel was travelling more largcly along Okanogan lobe.
the slope than down it. These channels clearly record a post-Touchet

The irregularly mounded valley slope back flooding down Esquatiel, and, if Allison is
of and above the fosse has broad, shallow gullies. correct in makir.g Touchct silts younger than
Tie hill, uhich is interpreted as a younger the Snake Canyon gravel bars, Touhet (i.0.
deposit, has only a few narrow short gullies, Lake Lenib) sedimentation, although glacial,
other than the transecting gulch. mnust be inieflood in age.

Neither of the Mesa bars has a scabland
channel leading to it. The erosional pattern of PASCO BASIM
the adjacent upland in both cases is elongated
subparallel to Esquatzel and the two bars. Maps: Coyole Rapids, Ellopia, Hanford, Pasco,

just siuth of Mesa, Esquatcl Coulee breaks Priest krpids, Prosser and ltal!u!j quad-
up into an anastomosing pattern of channels rangkcs; U.S.G.S.;and R4-57:0,c,*sed2,
which at Eltopia, 8 miles farther downstream, U.S.B.R.
is 5 miles wide. Jackass Mountain, an isolated
Ringuld hill in this complex, stands 200 feet (Brete, Smith, and Neff)
above closed, channel-bottom depressions on All plateau scabland drainage, entering the
both sides. The course of the preglacial Esquat- Columbia to the west and the Snake to thezte margins the eastern side of the complex south, converged to the Pasco basin, the largest
(I ig. i7). Most of these interconnected channels and deepest of the structural-topographic
converge a little south of Etopia, but here basins of the region (Pl. 1). Nearly 500 square
another break-up of Esquatzcl makes two miles of it lies below the 500-foot contur.
dominant, diserging channels, almost equally The Columbia River at its outlet, the Wallula
deep and siparated by a broad hill of Ringuld Nar:ows across the Horse Heaven Hills anti-5 miles long and 200 feet above its bounding Cline, is 300 feet A.T. ScaLland extends up on
channels. The eastern channel, deeply filled the walh, (.f this narrows to 1100 feet AT. or
with sand and gravel (U.S.B.R. borings), more, but the basin upstream is largely empty.
apparently records the preglacial Palouse. Flint bdicved (1938, p. 517) the high
Beyond this hill channels disappear in the Wallula scabland was made because the Pasco
blowssand of the Pasco lowland. basin was filled with debr:s up to "at least

This complicated glacial-river channeling, goo fct". This fill was of pruglacial origin
well shown by 10-foot contours on the U. S- but was earlier than the rise of Lake Lewis,
Bureau of Reclamation map R4-5720, sheet 3 i.e., earlier than the valley-filling, loess-
(see also Eltopia and Wallula quadrangle maps, scarping, scall.nd-rnaking episode. It must
U. S. Geol. Survey), extends frum 750 feet A.T. have caused aggradatirni in tributary valleys
near Mesa down to an altitude of 500 feet in a back on tie plateau, but about this Flint
distance of 17 miles; all of it is well below the gave no details. lHcwevr, most of this early
high level of Lake Lewis as defined by Allison basin and valley fill, its cause unspeciried, was
and Flint, removed before the widely distributed lacus-

The two Mesa bars stand down on the main trine Touchet silts (contemporaneous with the
channel floor. Watir in Pa,.co basin apparently p!ateSugraFwvTe r d tdin Lake Lewis,
did not then, nor later, reach the 1100 foo hiiefure l.Jto: plateau scabland croaion oc-
scab-nd channels at the summit of the Wallula curred.
watergap cliffs, 9 miles distant. Yct the compli- 5The high Wallula scabland, although "well
cated chantielin: was done by a very large -' developed", is thus much older than any other
glacial river after the Touchet silts were in tie entire region.
deposited, and probably when both Othello and' Allison (191.) asserted that the subfluvially
\ashtucna were contributing to Esquatzel. If molded gravel deposits associated with
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scabland in Snake River canyon had been de-
rived from "high-terrace remnants" of a
single, great, prescahland - terrace system
which he correlated with "terraces" in the
Pasco lowland and, with declining elevations,
farther down the Columbia. Ile visuanzed this
system as filling the basin up to 700 or 750
feet A.T. But he was unsure of the time of
dissection. It could have occurred by "ordi-
nary erosion . . . between two distinct glacial
stages" or it could have happened "during a
single stage of glaciation before the Lake
Lewis-ice-jam stage was reached" (p. 71). "if
Lake Lewis and the Touchet beds are later
than much of the gravel, then the rise and de-
cline of Lake I-ewis cannot be the cause of the
deposition-excavation sequence in Fint's fill
hypothesis. Possibly Lake Lewis or_ equivalent
appeared twice . . ." (p. 66). but Allison could"

- 'fnd no evidence to support this idea. The
cause of the earlier alluviation is not stated.
An ice jam in Wallula Narrows is suggested
!or the (later) 1100-foot scabland and 900-foot
gr.d deposits at Wallul- Narrows.

Because the At..-iC Encrgy Commission
had done much construction in the northern
part of the Pasco lowland since the last field
study there, permission to enter the restricted
Hanford area and examine the open pits was
secured prior to the present study. Because
Bretz's earlier descriptions of forms and rela-
tions had not carried conviction to some
geologists that the gravel hills there. were
giant river bars, it was hoped that perhaps
compositiun and structures shown in the
A.E.C. excavations would do so." Most of the
excavations seen were shal-ibw and obscured,
but data from thei support Bretz's idea of
bar origin. A pit in a high gravel tail to Gable
Mountain (SE t1 Sec. 28, T. 13 N., R. 27 F.,
Hanford quadrangle) showed that the flat-
tish-topped dlposit is composed of coarse sand
of mixed basaltic and granitic debris, hori-
zontally bedded, very evenly stratified,' and
carrying a cover of cobbly and bouldery
gra.cl. It is an erosional remnant cxtending
from about 650 feet A.T. down at least to 600

uNo maps were allowed in the restricted area,
and the road system had been so greatly alteredsince the Conimission took over that many locatioms
could be only arroxinated. In additin, manyroads "%crc closed to private cars.

feet, its - reamlincd shape being the result of
the glacial Columbia's erosion when the moun-
tain was an island in the river that made the
associated great bars. It. is presumably of

rt-e bland. age and may well be correlative
with tie valley ill of granitic sand at and up-
stream front Crater. The cnarse overlay on its
summit and slopes is a derivative from the
scabland of the mountain, acquired when the
dcep chaneds (400 and 425 feet A.T.) on either
side o! Gahle .ountain were made and this
dejioit of fine gravel shaped. In this setase, it
is a terrace, CroJd to bar form and armored
with scabland gravel. The Columbia River
surface just above Coyote Ra;,ids, 4-5 miles
upstream from these empty channels (ice Breta
19276), is 400 feet A.T., and the strcamlined
gravel hills-i.e, bars-which shut them off
from the river are 100 feet higher. A print
in the bottom of the deepest dclpression
(400 feet A.T.) fluctuates with stages of the
Columbia River.

The "tt race" in the western part of the
Coyote Rapids quadrangle" is shaped like a
great spit projecti;ig southeastward across
ranges 25 and 26 E. into the lo% land from a
high basalt anticline (Umtanum Ridge) on the
'rist Rapids quadrangle (Figs. 16, 17). At

the west end, this "terrace" has steep scarps
descending 200 feet toward the north an- 125
feet toward the south. Its broad summt is
800 feet AT. here but descends along its
length about 100 feet, and its scarps become
more gently sloped toward the southeast. In
mid-length it is cut across by a channel 50-75
feet deep. Its length, 13 miles, projects more
than half way zcross the Columbia valley
bottom, separating the river on the north and
northeast from about So square miles of low-
land known as Cold Creek Valley to the south.

Three pits and one road cut afforded sec-
tions in this "terracc". Two rits showed well-
worn, well-sorted pebble and cobble gravel, SO
per cent bluish-bUack ba-ait, with a few
boulders. The bedding is horizontal without
even shallow fore-scts. T,. highest of the three
pits (approximately in NE 34 Sec. 34, T. 13
N., R. 25 E ) on the brink of the 200-foot
nortlh.ard drop-f1 toward the Colunbi. has

" Used by Allison in reconstructing his Pasco
bsi. fill.
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only long deltalike fore-sets dipping so
ward, away fron, thc river and into the depiMuch of its material is composed of p
textured, dirty gravel altcrtat;ng with cli
openwork cobble gravel. Ijoulders of ba
and ranite 3 feet in diameter and one ba
boulder 8 feet in diameter indicate trar.jotion by floating ice. ]Iecause the freliisessthenaerial ak;o indicates A scablaud deri

lion, this "te: lace" was a,lhl to, if slot whIobuilt, Ilurilil icablald iM riy..

.Tlie I-c sluje could be examitned in scectiin only one place, the steep drop-off awfrom tile Columtbia at the outlteast ternint
.ipproximately in NW 'I Sec. 13 T. 12 N.,26 E. The long road cut here showud ottloose, dark, coarse sand with few cobbles atboulders, mhltcrial typical of lee slopesscabland bars. No structure showed to che,that interpretation.

The character of "Cold Creek X'alley" othis Coyote Rapids quadrangle must not L
neglected in understanding the origin of th"terrace". The creek, draining about 50 squarmiles of the hiih aridt t I

IlJy. AT A I..-CIANNU:l.i.:l) SC,l *"l) OF W\SIII.NCTON

, tsa t counrtry to tifegrcat n eqs ot gin-.. e zequta red y-uilt 2 larg fail where it enters the f nZ of the sca.lard river routes, there.
a fan that spreads out abruptly forc a tr.p along a.n unblockaded Columbia.
h of half a mile at the abud to ci it ,d atr currents probably cau,, their
widfthall a misc tte hedmtos;tht collection on the west side of both Pasco andwidth in a distance of 3 m iles; the 

deinsi basins.niG lost in its hl 'A.-'se Propor. The largest bar gravel deposit in Pasco16, 17) show that the "valley, is basil, lies a few milcs upstream and across theof the lowland, a tract partially Columbia from the Cold Creek bar (Fig. 17).the giant, spit-like form. it rek It covers most of the northern half of the Priestbictors to uyhow that Cold Creek Rapids quadra--le, and its coittours lticely30 sqtuare"nile area lying i the fit the inside of tle uniform 9fl degree curveterrace" (Coyote Rapids, Ianford. nadte by the river. A summit area of aboutProsser quadrangles) can Possibly 20 square miles is enclosed by the 80W-footnal product of Cold Creek, as it contour and reaches 860 feet A.T. more thanc "terrace" is but a remnant of a 400 feet above the river. Except for the Co.in fi. It is sigificant tat ti. lurtbLia Rivr undercutting along its sothernon of icctirl; , ounds of glaci.l nmargin (a 200-foot cliff) and at its upstream(Br llst*z, 4
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1 NItET7 ET AL.-ClANNLLED SCAILAND OF WASHINGTON

gravel immediately to the west is only 50 per
cent basalt. Thus the glacial Columbia was
carrying pIateaU, i.e. scabland. waste almost
excluivelywhen the huge deposit was made.
Sorting and wear of this gravel indicate sources
more distant than walls of the Saddle Moun-
tains water gap, 3-4 miles upstream. The gap

;therefore was already well opcned and deep-
iened when the mas.ive gravel dellosit was made.
tJOidide cut near the southern end of thie

summit flat showed southeast-dipping forc-stts.'
A few borings show sand, gravel, and cobblks
in' the upper part of the bar but only gravel
and boulders in the basal portion. At depths
of about 100 feet these rest on Ringold clay and
sand.

A.E.C. restrictions prevented examination
of the southern cliff. If the deposit is a bar,
stratification here should be either (1) steeply
east-dipping, delta-type fore-sets, or (2)
gently soutliwcsf-djipjing bcds plarallel to the
slope of the bar, with shallow forc-sets dipping
into the bar, as in the iind Coulee bar at the
East Low Canal crossing. Construction of the
Priest Rapids dam on the Columbia, now
aulioized, should resolve this question.

If this massive deposit be considered an
erosioiial residual, the 18-20 square miles of
lowland immediately beyond its cast-facing
scarp must be explained. That tract has no
stream, and it cannot possibly be a meander
scar made by the Columbia. Even the 25-foot
contour intervals of the Geological Survey
maps show clearly that it is another Cold
Creek Valley in origin, an unfilled fosse behind
a valley-margin bar.

This Priest Rapids bar is oriented and
streamlined for ti.e same great river that
made the Cold Creek and Gable Mountain
bars and in but one place shows signs of aiy
smaller bar form superposed on its smooth
riverward slope. Its thickness is approxi-
rnately the height (75-125 feet) of the 4-mile-
lUng leC scamp. The low area imnimidiatcly cast
of it, underlain by Rineuld, is obviusly a
remnant of tile original surface oni which tile
bar was deposited.

A smaller and lower bar, product of a later
a.. smaller flood, trails about 4 miles down-
str':am from the cliff in the hure bar's southern
extremity. On the U.S.D.R. map, 6a youiiger

bar top (125 feet above the river) is shown 60
feet higher than the dune-covered fosse be-
tween it and the low land east of the great
bar. Yet the low area is 100 fcct higher than
the top of the younger bar.

Both the Cold Creek and Gable Mountain
bars, sejiaraied by an undrained sag, can be
idiletifid farther south by linear elevations in
the duie-c-overed central tract of Pasco basin
(Fig. 17). Tie fosse of the Cold Creek bar
dturoimcs the course of the creck to its
junction with Yakima River.

Another conapicuous basin bar, also with a
duimc sand cover, livs just east of the Columbia
and northwest of Pasco (Fig. 17). Its top is
200 feet above the river, its fosse 100 feet
deep. Esquatzcl Coulee's western channel
enters the fosse, hanging 40-50 feet above its
floor. Were the bar comteniporancous with the
channel, the last 2 miles of the tapering form
could hardly have been deposited.

Thvse valley forms in the Pasco basin were
never made erosionally during normal dissec-
tion of a complete valley fill.

The formidiblc problem of removing a fill
in this basn, 16 niles wide between the 750-
foot cwrt'urs in the latitude of Pasco (Flint
asked fir the 90 foot contour), was handled
by both Albon and Flint in the most general
termns, with no comments on the surprising
abscrnce of extensi7- terrace rc nants. Lower
Yakii.a structiral valley is another large
basmr which must have shared in this fill
('l I . Its width is much greater in proportion
to its stream than Pasco basin, but it likewise
is inpty and i- unterraced cxcept close to the
river. It is quite unlike the strongly terraced
Yakim:a Valley above Ellensburg. Flint and
Allison szd nothing about the place of lower
Y;.imna Valley in their theoretical fills." It is

" F'int ignored the seabland and upvalley fore.
sets in associated gravel bars described and figured
by hictz (t(30b, p. 412) in the Chandler Narrows
at the 1-u6ih o: this structural valley; and niaide no
trNt cv.-.mrnt on the ielbiy silts veneering Yakina
%'alley s u to 1100 .ei A-T. Alli"on (19:2.
p. 06), pird an ice jam in the Narrows which, by
grou ir.g h.ihcr, detoured the upvalcy flood curreit
Onto succt%&ivc!y higher.surfaces and thus made

WoUie the 40 boat vertical range of this verylocal sealiand. Urnaccountably, however, the lower
(carer) Lars are sit per(cct. The supciposition of
the groi.g dam did them no harm.

Wa1 V aha structural valley, southeast of the

1,
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argued here that no such falls ever existed,
and it is suggested that the supposcd correla-

tivcs below Wallula Narrows are probably
older deposits shallowly covered with fresher
debris. Huge gravel mounds comparable to
the scabland bars have been described (Drctz,
1925; 192Sa) alonC the Culumbia as far as
Portland. No restudy of that region was pos-
sible during the 1952 fcid season.

Allison's Smikc River gravel bars, althoueh
older than Flint's terraces, are also relics of
former valley fills. They cannot be remnants
of a Snake sallcy train. Consistency in the ice-
jam hypothesis therefore should postulate a
comparable prescabland aggradation in major
valleys throughout the plateau with local
thicknesses equal to heights of its largest bars.
As they are prescaldand, thece valley fills
must antndate the divide crossings. This,
with their overwhllming percentage of basaltic
and caliche gravel, requires local origin on
the plateau. Thus plateau valleys unentered
by glacial water should still pIssess records
of this episode. None does. If the plateau
scabland bars arc deposits of glacial streams,
the Snake Canyon bars should be accepted as

- of the same rcneeis.
The high Wallula scabland, S00 feet above

the river and more than a mile wider than the
top of the gor:e, was accepted by Allison and
Flint as channeled and accompanied by scab-
lane gravel deposits. Although extraordinarily
high, its altitude is that .f the Yakima Vallcy
and Walla Walla basin pebbly silts and driftud
erratics and approximately that of upper-
limit records along the lower Snake. To cx-
plain these facts, Bretz (1925, p. 257) pro-
posed that Wallula Narrows had acted as a

Columbia.Snake junction (Pl. 1) also has (1) gritty
silts up to 1050 feet A.T. or more. (2) scabland.
marked narrow s separating it 1min the larger valky
and (3) fore-utt gravel containing forcign plbles
with di1. ullvalley away from tI - Cnlumlia (Irct, r
1929, p. 5.11). liuth nen have ignored these features.
No thcorntical ice jam can elplain this because tie
foreset grave's he on the floor of a nnarkcd lrtiadvie-
".g. 4-5 mils cast of the narrows. Ini contrast %sith

S Yakims \alky, the Walla Waila tasin contains
thick dposits of silt and fine sand derivcd from a
glacial olun-tia. with rmrked contrasts bctsern,'
and disconfenmities s,-parati'ng, diilcrcnt members.
1he basin appears to have repeatedly become a

inaio 11-1 !31t4C a . I La in Stnd y <oftic-se sci.
tOLL is itiay C in) significaitt duiat rcraruhng tine
glacial Cotumbiia's fl.ud and not.-flod cilpeiracllt.

J015

bottleneck for the combined volume of all
scabland rivers, aid even announced the dis-
charge through the short canyon as 39 cubic
miles per day. This proved to be the most
shocking of all interpretations based on the
flood hypothesis, and Bretz retreated sub-
sequently, taking refuge in possible post-
scabland anticlinal uplift or postsc:hland
(and late si ; nd) deepening at the Narrows,
fur neither of which is there any known field
evidence.

The scalland on top of the Wallula gorge
walls apparently must be early, although it

hardly sugrests its age. It would seem to pre-
date the dcvelopment of the Quincy basin
cataracts which, 100 miles distant, have
brinks only 103 feet hi;hcr. It may be correla-
tive with their earliest westward discharge
at 1360 feet AT. Allison's or Flint's fills would
readily resolve the problern if only tiere were

supporting evidence fur them. lut even the
concept that scabland bars are erosional forms
developed in former valley fills cannot be
used with I'.scu basin's and luwcr Yakima
Valley's great empty widths confronting us.
Nor can the high W1alA scabland, w.len

coipartd %.ith 1)runhcl~ar, Othello, Palouse-

Snake divide, Grand Coulee complex, and other
contributing scabland, possibly be adequate
for the ice-jam "run-around" concept. There
may be senme possible combination into an
eclectic hypothesis which future study will
bring out. If only one factor be involved, the

bottleneck idea again seems most acceptable.

At the rate computed in 1923, Lake Mis-
soula's 500 cubic miles of s.ater would pass

through the %V:llula Narrows in a little less
than 2 wedks.

pIA1Ot7-SVa1:E DwtDE AND

ENvFrm s

(Maps: Heas and S1u.:k topogrophic
and fco!o;ic VJps; L.S.G.S)

(Bretz and Smith)

Glacial water, flowi::g south down the
Chcney- alna-se tract, was in excess of the
atmintt W.tinttcna Cou!lec could carry, and it
widcly ocu :flc,.:ed a structurally determined
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divide, escaping southward from Palouse
River valley to enter the canyon of the Snake,
making a scabland record on more than 80
square milcs of the divide summit and pro-
ducing the deep canyon (top width 1230 feet,
maximum depth 440 feet) by which Palouse
River now enters the Snake (Pl. 1). Inter-
pretations of the conditions which caused this
overflow and canyoning vary widely. Four
new topograihic naps of the U. S. Geological
Survey (itenge, laas, LaCrosse, Starbuck)
and a complete coverage by aerial pliotnuraphy

supply some pertinent new data.
Flint believed that any first-magnitude

flooding across the divide would find, or make,
a ponded Snake Canyon and would build "a
large deltaic deposit whose foremet beds would
have an amplitude of hundreds of feet" in the
deep Snake River canyon (1938, p. 313).
Because "nothing of the kind is found in the
Palouse Canyon scabland", Flint bclieved
that an earlier proglacial flow had occurred,
finding "a very low route" already in existence
across the Palouse-Snake divide to permit spill-
over from "a comparatively thin fill" in the
Palouse Valley. This gashed the divide to
make the Palouse Canyon transcction (1)
before the major episode of filling occurred,
(2) before backwater (Lake Lewis) began
rising in Snake River canyon to cause the
deposits at the Palouse-Snake junction which
lretz had termed bars, and (3) before any
scabland had been made on the divide. These
"bars" Flint viewed as erosional remnants of a
slowly aggraded dam, comparable in character
to the Chippewa River deposit in the Mirsis-
sippi River which forms Lake Pepin. This dam
(800 feet thick) formed "Riparia Lakc" up-
stream in Snake River canyon. fly coincidence
alone, Lake Lewis was slowly rising at the same
time, thus avoiding long delta fore-sets in the
deposits. Such fore-sets, however, do exist.
Flint saw them (1938, p. 479, 481) but did not
explain them.

Scabland Features en the Dit-ide

With reference to Flint's supposed "very
low 1preglacial route", it is instructive to
note that an cast-west profile along the high
northern part of this divide, drawn fror the

Ilaas and Starbuck quadrangle maps (Fig. 18).
finds the entire 9-mile w'dth on the summit
scabland to be 1280 feet or higher, more than
200 feet above the present aggraded Palouse
Valley floor, except for an eighth of a mile
immediate!y adjacent to the canyon walls on
either side, Ahcre it is 1200 feet. A mile south
of the cross scction the brink of the canyon
walls is 12F0 feet. The loessial scarpis marginal
to this cross section are 120 to 190 feet high,
aind at leat IMi fhu of loess prubabily covered
the divide top %whcn the first glacial spill-over
occurred. Therc is also at least 50 feet of gravel
in the bottom of the prcglacial PAlouse at this
place. I htse facts require a thickncss of not

less th.n 350 feet (to 1325 feet A.T.) in hlint's
"coinliarativcly thin fill" to make the first
crossing possible. Illis "very low route" never
eisted, and Palouse Canyon cutting belongs
in the general scabland-niaking episode.

Flint mir.:mized the size of the various
cataract alcoves of this district, citing five
examples on the divide, not one o( which is
deep enough to be shown on the new topo-
graphic mraps. His argumnent collapses when
the mnap of H1 ' Ranch dry falls (Fig. 19)
(ilaas quadrar.glc S. W. % Sec. 29, T 14 N..
R 36 L.) is csrAir.ed. The cataract cliff is 280

vertical ic-t frim the lowest notch in the lip

to the bottom of the plunge pool. Recession of

the falls left the Davin gorge I3. miles long

contain 'ng a closed depressi equa,!y lotig
and 128 feet decp." The water L. It suppliaed

the II U Ranch cataract even at its very last

functioning had to cross the but slightly
charnecid scab!and divide at an altitude of

120 fcet A.T. - more.
Ir.spection of the Iaas and Starbuck quad.

rangle maps shows several such features far
excccdir.g in rnagnitude the examples cited
by Flirt. One of these (Dcvils Lake, crossing
Sec. 17, T. 14 N., R. 37 F..) has an 80-foot
dry "is at the head of a recessional gorge

about 2 miles lor.g, more than 100 feet deep,
arid contair.ng closed basins with 40-SO feet
of closure. T e largest and- deepest of these
termir.ates almost on the brink of Palouse
Canyon, iscl! 200 feet deeper at this place.

" One of 17ir.t's etamples (1938, p. 490), is just
west of the Da.:n Ranch where one may look north.
,ard %+ the gEge to the cataract clia.

a -
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incision of its lip, the sheer drop here would
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FIcaR I8.-PROFILEs OF SCABLAND ON PALOUSL-SNAKE DV'iVa-Along the crest of the former divide
b-Immediatcly donstream from the two cataracts

Flint also minimized the depth of rock
basins in this district, as elsewhere in the area
of his study. Ile could never have seen the
two basins I I miles directly south of Honoper
Junction on the vcry summit of tie divide
scabland (Sec. 3, T. 14 N., 137 Y.) (Fig.
20). The larger one is ringed by a 1240fot
hachurcd contour and is more than 120 feet
deep, and the smaller one is more than 80 fcet
deep below the same contour. These great
empty holes are impossible erosional products

f Flint's streams that removed the fill. If
they were pre-fill in age, they would now be
full of gravel. They cannot be forced into t e
fill-and-cut strait jacket.

"Trimble (1950) noted a striking joint controlof the shapes and orientations of many rock basins,"ilots" and gorges in the l'alouse-Snake divide scab.
land, some clocd basins 100 feet in depth, le ac-ceitcd them as scaltand features, the erotional re-suits of glacial water, but dislained any "attemptto eiplain the mechanics of their erosion."

be 350-00) feet. Figure 19 suggests that
before thus channeling occurred the cataract
heid was a cascade ch. e at the northwest eud
of the gorge. Alignment o~f this chute with thestraight recessional gorge is determined by a
vertical f4Lt with 40 to 50-foot downthrow
to the east. But the chute head is close to the
western margin of the divide scabland, and
tIe larger volume of water came from the
northeast. The lengthcning channei, therefore,
left the fault trace and headed 2-3 miles to the
noitlcast. The profile of the west wall of the

Davin gorge shows that the cataract became

markedly higher as it receded along the last
half mile of its length by migrating out of a
pre::ahland, minor valley along the fault.

lases of the loessia' scarps bounding the
Palouse-Snake divide scaband are 1400 feet
A.T. or higher on both sien at the north end
of the wide spillover. Flint got the vertical
range of 120 feet or more in summit scabland
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jam on the plateau scabland but was content

with gencral statements regarding w' hat %ould

halilpil if tly did fulln ill a rtlaii,-Ige syltvam

invaded by nelt water strealmis. Fur the Paloue-

Snake divide's scabland, he would obviously

them, make the hilicr scabland, and cut the
locs;ial scarl.,? To the writlcs, such a nccha.
iim is itip-nsible hure. Oidy in constticted

or ciKuked valleys could jams ever grow to the
requirtd dimensions. Furthermore, in the

- - rQ33  - -~'i) 35*n' Z,,e \Ilj on
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Fir-111PE 20.-Ircg IIAss ON SUMMIT OF PAL~tei. SsAKE DIVIDE
Basin in south-central ckec. 3 is morec than 120 ktet ducp Vcati . ran e o! stalland in this tract is 400

feet. Part of Hiaas and Starbuck n----%:,n~as, U. S. Gtu s!. Cont,,ur interval 40fet.

have to block Washturna Coulee (Fig. 2; I'l 1)
somcuhere along its length to a height great

enough to cau-c the first spilluver, estimated as

at least 300 feet alove tie prccnt aradod
'alou-e Vallcy Poor, or 1323 feet. A.T. l-iw-

ever, water reached an clcvation of 1-100
feet at the bascs of the loessial scarps mnarginig

this 9- to 10 mile wide tract, and AIUs's

theory reqjuiris more ice jams not ah-tic in the

gvowsing Prloue Canyon bitt also on >e divide

top itmvlf to avoid the great vvlumc. WI rc
can they be p!aced on this great width so tIat
water would have to rise to detour around

Xashltucr.a Coulee not a single favorabLe place

was found for the jam calkd for nor any

features 11c thcsc Waters (1933, p. 818) in-

tcrprctcd as ice.jan rccords in Coluniba
valiey niarth Uf the plateau. Still further, the

loc-ial rc..rp Lases along the 3 miles of

W: -tMeurao len;th cvnstitut. a uniformly
dcscuid'rg prA , impossible to explain if an

ice jrm inrirruptcd the glacil stream's surface
grodict.

Tu crude Pd-.sc Canyon across the divide

dcp1y cnri'ughZ to provide a permanent re-

of t.c rivcr, any ice jam in Washtucna
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must have persisted (or been repeatedly re-
newed) while Allison's moderately s';.
detoured meltwater river deepened more than
400 feet in basalt. The narrow new route u.is
never (more than temporarily) clogged with
the abundant floating ice while the dam in
the much wider preglacial valley continucd te
be tflective. How can rock basins 100 feet
deep on the scabland summit of the divide be
explained by Allison's hypithesis? How could
buttrmsss of luesl for the divide top's dam
survive? How, when buttresses failed, cuuld
the dami grow laterally to close the gaps
seized upon by the esc.ping water and thus
eventually make the 9-10 mile width of sum-
mit scabland? The quantity of fluating ice
constantly required of a normally wasting ice
front to maintain and eatend a dam on this
broad summit passes all credibility. Failure of
a Lake Missoula dam might rapidly release
the enormous quantities of berg ice demanded
by this elaboration of Allison's concept, but
no believer in moderately proportioned glacial
rivers will ever accept that solution of the
problem.

Bars in Snale Canyon

(Bretz and Smith)

At the Palouse-Snake confluence, Allison
and Flint have reinterpreted the "bars"
(Brctz, 1928a), disagrecing with cach other as
well as with Dret. Field study in 1952, with
the aid of the llaas and Starbuck topographic
maps, has led to a vigorous reaffirmnation of
the original interpretation and a denial that
any dam of debris or ice ever existed at this
place i'. Snake River Canyon.

Bretz originally described two great bars
at the junction, both ott the south side of
Snake River. One was a "mid-canyon bar"
about 2 miles long on the floor of the canyon,
deposited by glacial water flowing tnmultu-
our'y up the Snake. The other was a high-lving
"shoulder bar" in the mouth of Fields Gulch, a
tributary from the south entering the Snake
about 2 miles farther downstrcam. The
shoulder bar was made by a detour of part of
the flood southward across the Snake and
thence westward around the south side of a
big, "semi-isolated" basalt hill, there to re-

cntcr the Snake in the south wall of its canyon
(Fig. 21).

Flint interpreted these bars as remnants of
his Riparia Lake dam, a Snake canyon flhl
810 fEct thick, actually the toe of his 120-foot
fill on the top of the Palouse-Snake divide.
Lake Lewis, the cause of all this valley de-
post son, was supposedly rising downstream
in Snake River canyon at the same time, and
tle rate of deposition at the dam site kept
I-ac, so this dan never developed delta struc-
turc.

I'lint was a bit reserved about the composi-
tion of the mid-canyon bar, saying of the
"rubbly, basal c, cobble gravel with huge
boulders, too little size-sorted to have distinct
bedding" that "it strongly suggests torrential
conditions" (1933, p. 513). The depression
(fusse) between the bar top (241, not 150,
feet above the Snake) and the basalt kno'sand clifis south of it, he said was "unusual"
(p. 481) but appcared to be comparable to
"'deeps' at the citside of bends in the river
dur*g disstc' :L," of his dam.

Allison (11;, p. 69-70) said of the mid-
car.y.n bar that its "top is constructional",
its 'flutings are primary", and the depression
Lack of it is also primary, showing "no re-
semblance to deeps at the outside of river
bends nor to plunge pools". "It represents
the top of the fill made by the last outpour-
ing of glacial waters from Palouse River
Canyoii". Although that "outpouring" of
'torrential" water had to be up Snake River
car.yn, r.c ihcr Allison nor Flint noted the
fcr-eSt beds at the eastern end of this bar.
They dip up the Snake and toward the de-
pression." A!:ison thought the depression "was
lct ufmled-uccause the area was occupied
by ice, drnvcn against the clif! by force of water
from l'alogsc River canyon and then protected
from wasting by shadow". There is, however,

0 With Lupher (1944). they have ignored theexlsmnce c,. s.ch up-valley fore-sets, reported byhrets tu occur as far as l.ewistun. Existence of thenew fIay Zeoln~ical map (40-foot contour interval)and of S*"tc Ml-huay 3 should encourage czamina-
tion of the rtadily accessible Central I'crry "half
r.cund Lar" 1lretz, 1929, p. 411), 20 miles up theSnake frur, the rnd-car.on Lar. D)espite the author-
ii) of 0ie nrz;,, it cannot be -orrectly described asa
Snake ki~tr terrace.D A
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no summer shadow on the area from adjacent
cliffs,

From the mid-canyon bar minor depend-nt
bars extend southward, away from the Snake
and back in the mouth of a blocked, preglacial
tributary that fi.rmirly cntered the canyon
across Ole north edge of section 6, T. 12 N.,
R. 37 i'., and now is det3ured wcstward to
F;- .Gulch. The btidlinds at the former
mouth arc miked scablland buttes riintg
alsove tlvse southward cxtensions of the mid-
canyon bar. Each butte has a lung grael
ridge in its lee that tapers out and down auvy
from the Snake. Th sc gravel ridges are ge-
netically part of the mid-canyon bar. Their
existence, magnitudes, and space iclations
n2,st not be ignored or slighted. The knobs
reach 800 feet A.T., and the south-pointiag
bars arc as high as the mid-canyon gravel hill,
731 feet A.T.

From Lyons Ferry at the junction of Palouse
anJ Snake rivers (Starbuck quadranglc) a
circuitous road n:y be followed to Dcruwc
Rach (Ilaas quadran.lc), just south of the
shoulder bar in Fields Gulch (Fig. 21). In
the second ind tli.d mai':s of this road, one
clinibs from BII 5-17, entirely on zionterraLdA
grasel, to I.\ 861 in the detoured drainage.
F.nroute, constructional forms are very obviuus
in the moundings and enclosed, undrained
depressions. The striking little "trickh bar""
(PI. 15, fig. 4) which desc, ; the south-
west slipe of a scabland hill in SW Sec. 36,
T. 13 N., R. 36 R. looks loomsewrhat like a
flattish debris cone or a savcp detrital fail, but
it is dcfinitely ridged along its lkzgth, its lateral
slopes are much too :,teep to harnoni.'e vrith
the gentler gradire:t along the crest, and its
bulk is far ;a excess of what could be shd
from the small section of the basalt hill that
cwuld contrib. :e. The ridged ! - or cone form
wounts almost to the hilltp The alti:udle of
a crest ranges betsern 920 and 1000 fect.

Tie deposit originally blockcd local dr ainage
of! the hill. A gully across its lsw distal rid
has qparcd portions of the floor of the once-
closed depression back of the bar. The valky--
ward lateral slope at the terminus de cends 50

"L.ong narrow bars steily descendinr pre-
esting slopes and appearing as trickles from a
distance.

J -

I,

feet and flattens out in a 40-acre closed de-
preasion shosn on the Starbuck quadrangle
map The depoiit is composed almost entirely
of little-worn basalt pebbles and boulders. A
few v. elI-rounded Snake River pebbles were
fou:Al The form is that of a snmall, local bar
390 520 feet up on the bar mounded slope
above Snake River but 300-430 feet below
the leIl of Fl'nt's supposed da.n across Snake

.anryun. The %.-tcr that carried its debris
s,.ut! -rd dul.n this hillside away frum the
Siil-. camc over the top, 1010 feet A.T.

The shoulder bar and immediate environs
(Eu4 21) wscre carefully ex.niincd luring this
field study. !Renexsed excavation in the old
pit on the north siJc afforded good sections,
and the topmgriphy of the entire deposit was
seen by %%alkng oser it. Che interprctation
that it is a great grav 1 d.p-sit essentiaily
with original outlines and with long deltaic
fore-scst dippin.g northward toward the Snake
is he:e emphatically reaffirmed."

The nattish s6n:nit of this shruldcr-bar
dep-t is approrm"- ly 1000 feet A.T. over
nteary Lf of Sec. 1 and mocre than half of
Sec. 26, T. 13 N., R. 31 F. It is diveriiftd by
low licar ridges and sv:.ks, their relif 10-1
feet ill places, i:tp< ') r- espL.. as cro-
siuiily made by svqueiit rur-i!. A few
well- orn Snake Rivcr pebbles were found;
otherwie tie raterial is all ittle-worn basalt.Y

P-c'grnition of .he true charactcr of this
rnincer rd I on tl.e surmit (;i. 13, Fig. 1) did
not cln.c ur.til aerial phiviot;r 'phs %x rc studied
after ti.: v.riters had left the ticld, hence no
mvesurencrts wcre madc. Sc.ded frmn the

"An AllAor.'s comments i &i-:t's work is
thv sr rthr~at tLis shoQLker bar -%,:s l'uilt into
watir a fret rccpj a: the ejer of S,.ke Iliver
Camyo. Ly cur:tis uhich left the maJr valley asort dI:-ce, :2 r-.les upeitran Jar.d detourcd
arourd 0.e south side of the semi-iLed lil, 1211
fext A T m r.!ec %. I !r the %ae as olh.
strtic d y ice ja -.."

" Alin's vi-eA that tht gravel of the shoulder bar
is lar:zly reworled, ol., hiph lcvcl Snake Riverterract grasel is 6r-tenale. Ihe pr. enta;:e of Atc!'.
worn c .- ittuer-s is sn.:.!t, of rnbasalt fra; enusevun !rm.Mer. rurthermnore, Snake IZiver canyonfor rsca-y 75 r:cs uot-eani hcre A::;is:ns sup.
j.0ed c !. l;hI:. e l term-:e sy.ten sha.jld be %,ell
ricorw'd, has no such d posits at corr.,arl:e alti.
tud- a,% the fi r. 'I hq 20 -l.es of thiis canyjn
shma- or. the lthy T.(d Starl.-kk gcal,;ecal maps
(U.S G S. 1tE have but one patch of gCavel (Qs.
Quat .a: nd) as high -s 450 fret acese the river.2)
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photograph (Production and Marketing Adm.,

CCII 16-197), the crists of the giant current

ripples are about 175 feet apart.
Fram this susirmit flat, the bar surface de-

sends 200 feet southward ai.d wkestward with a
convex slope which the llaas quad:angle map

shows as cressulated. Orient:.tion of 07- ridged

crenu1  -ns changes gradually from nearly
south-pointing forss on the south side to
west-pointing, even northwest -pointine, forms

on the west side of the hill. A little gullying

has occurred between the ridges low on the

slopes, but, for the most part, they are o:iginal
shapcA of the bar surfaces"

Sect ms it% thre -Id railroad gravel pit on the

Snake R~iver face, cut dec>ly Lack into the
deposit, show the bar satcrial to be forc-set

bedded almost throughol.t (l'l. 14, figs. 1, 2,.3).

ParAllel to the steep, riverward slope if the

gravel hill, these long fore-sets are not . mis-
isterlret.tiosi of pseudo- for-settin". due to
sloliewash. The 100Ifot sc:ur trending north-

eastward from the pit for a quarter of a mile

is the corstuctional front of the depo,:t,

avalanching as in a dunc 't is not an erosional

scarp. Its str~k parallefs that of the long fore-
sets .i the pit rlint, 1935, p. 4sf, to the con-

trary notwithstanding) and the clongation of

the giant ripples. Water, not dcbris, or ice,

filled Snake Canyon up to more than 1000
feet AT. at this place when the!: forc-sets
were d psitf'. Flint offered no explanatio
for them.

In this f re-set gravel is embe ded a granite

boulder St* fet long, its out-i.., fractuv'

detcsnined And only one surface showing pre

fracture abrasion. Flint (193S, p 49S) re

marked that "In such Shallow scabland stream

as are indicated by the stratification of thei

deposits, only sma'l pieces of glacier ice zoul

be expected to travcl down their lengths. . .

Ilow small a piece of glacier (or river) ic

could have held onto tkis granite boulder !

the 75 miles it travclld down the Chewn

Palouse scablanid river? And meandering adrl

te. that mileagc."

-A repeating character of the Ei--nt current ri

pics seen during the 1952 field svan is cstcns

of the ridged frns of a bar sumit d,.. ste sdol
toward the aliacet chatinl. N, ..hcr slois do,

into a losse nor crosionally scarped valicyn ard slop
have shown this fleture.

-Another Cranite boulder, equally lare, in t

This shoulder bar in the lower p .rt of Fields
Gulkh ropitjijs the dc!.: fore sets T'it askrd for
at the mouth of the l'Iouse, if the flood theory

"err correet! Tlhe mid canyot bar is part C
that "delta"; the bars tailinC snuthward froin
the scablaoid buttes in sections 30 and 31,

T. 13 N., R. 37 F.., are part; the bars along the

road south fri i.yons Ferry are part; the

"trickle war" is part; the bars farther west,

tapering southward from the sam,: hill are part.

The flatikih summit of the shoulder Par with its

giant Currs.it rppies is the sabflsnial "delta

top". All gra.,cl fprms are portions of a deposit

made at the botto,,s of the g-eat torrent ishich
carried most of its dcuris across Snake Canyon

and muc of it tip for more than 500 fc, I on the

far si.. Volucm and e'locity of tie flood that

made ,ec La: wcre greater than anythiniC that

Flint Gbjr:ted to.
Alhs. , acccpting this remarkable detour of

glacial Snake R ivc,, rs.;-de it possible by placir.;

an ic jam ir, thc canyc:. just below the mouth

of the Pilose (Fig. Al). A sf:ght coostriction

here might favor the idca, but the d-im would

have to be from three quarters of a mile -to a

m;Ic u ide (across the canyor.), and, to allow the

dcutrcd stri.tni to r! er.cr the car.yor. where

it did, the in could te clly 2 miles long. Such

a d..m nevcr c',uld hac had enough frictional

grip on the canryon wa.ls or :.mong its con-

stituent ice Lrck, to hcld back a 500-foot head

of water. Furthcrmnore, --re was equally deep

water .ah : d when the detour re-entered

the cnryur. Ulew hs d,-. Above the ice jam,

there was ori.y slack Ttater, and through this the
seablard c --. cl hd to travel to cross the

caron a:.d chmb to the shoulder-l,.4 suninsit.

s Allison's hy at' esi really requires a scabland

r run-aro.r.d can.yo.r, at this place, instead of

gravJ de;.t.
Allis' r. neceds another ice ja..& for his sequence

e of cver.ts at the PioeSnake junction. Plate 1

'r and Igl:re 19 sho- tie, the 4-mile wide Davis,

I ancl. psrt-in of the diside . -abland, lying

d wcst of the isolated group of locssial hills, had

to I cfctivey 12 :14aded to make the detour

soul, .! thc SndC p - Otherwise, all

1e Cow Creek V.aWarC 1-, a. .h of llf-oper lies
n as high as u c scie.. . 'he ok.idc. Eill another
s nd la-e- " fee: r-.:xm m dianmri) granite

buld:r .cs 3 r.ecs vs.t. of Ewan, 35 miles down
he aloag t.- Cher~c) m tract.

_______------- 
----------------. - .- -- - - ---- - ---- -- -
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Chcicy-Palouse glacial water would have
entered the Snake below the site of A' 'son's
canyon dam, and only Snake River water
would have used the detour. Coming directly
fron a punded Snake, it cuuld have had no
gravcl load, and u1 shoulder 1iar Cold have
been made.

Prescabland Fields Gulch

(lretz and Smith)

The floor of Fields Gulch in the half mile be-
twcen the shou"der bar and Snake River is v'ery
narrow compared t, its proportions farther up-
stream (rig. 21). It is a hanging-valley mouth,
with .. sharp entrenchment ma,: subsequently.
Its gradient is 200 feet to the mile ill this
stretch, six times as steep as in the next S miles
upstream. It clearly does nut record the stream
that preglacially drained the SO contributing
square miles of mature topography lyir.g to the
south. E en if a partial damming of the gulch
by the bar (Blretz, 192Sa, p. 659, Fig. 8) inter-
rupted the gradient, this narrowness and steep-
ness would iidicate that these grcat bar dep:- its
have block(d a capacious lower cuure ele-.
where, and have turned postscablai.J drainage
into the pres.nt aberrantly narrow and s'ecply
graded route. A reconstructed prescabland
Fields Gulch (Fig. 21) would enter Snake
Catiyon where the mid-canyon bar and other
highcr bars obviously fii and block an earlier
drainage way to the master stream. Cornpared
with the valleys of neighboring Tucannon
River and Kellog Creck, the width here between
basalt hills is certainly a.:equate or the drain.
age arca. And this b!ocked valley is twice as
wide as the present one dt..vnstream from the
shoulder bar.

Flir:!s Rip,. ia Lake

(Irctz and Smith)

For the following reasons, the writers hold
t!.at Flint's Riparia Lake never existed.

(1) All road, crossing the region where the
distal portion of Flint's 1300-foot dam '7ig. 21)
must have lain %%ere travtrsed, and a few miks
of foot travez.c %a. made acro.s interroad
tracts. No remnants of any gravel or sand

deposit were found on the broad, thinly 10M.
covered, basalt uplands above the summit
level of the shoulder bar, and no suggeation of
debris front such deposits was seen in drainale
ways. It is quite impossible that all that thco-
r tiral deposit could have b--n carried off these
hilltops wiere it was orijgmlially 100-300 fct
thick.

Only wind, rain, and slope wash are available
agents. Had they been thus effective. there
would be no reminants of Flint'. fill Clsewhere,
nor of hretz's bars, to theorize about.

(2) The llaa. ar.d Starbuck geolugical maps
(U. S. G-ol. Surv% y, 1954), made fur engineering
use in p-uposed dam construction on Snake
Ri.C, show no gravel depositsabove about 1100
feet A.A. on the arca covered by Flint's hypo-
thetical 1300-foot dam. The highest part of the
shoulder bar's gravel is 1120 feet. Along the
east L-'e of Flint's fill on the Snake-Palouse
divide, altitude r-f which he showed as 1350 feet,
the Starbuck map shaws a ragged pattern o.'
local drainage gulches in basalt, with loess-
ccvered interfluves (but no gravel remnants)
deacurrding to and bLow 1200 feet A.T.

(3) 'I'e riant r:pple marks covering the
shouldr bar's !;uare-railc summit flat record
a constructional surface, the original top of the
dcposit, 325 feet blow tho altitude of Flint's
data surface at that place.

(4) Flint'sFigure 9 (1948), showing thedelta-
da:. gradient as about 13 feet per mile, also
shows a remarkable stecpening downstream to
30 feet per mile. The distal margin of the sup.
posed damn had to be at least 1300 feet AT. for
10 milks %est of the Palouse junction in order to
impound Lake Riparia. The upper limit of
Snake Canyon flooding 5 miles farther down-
.srcam is cnly 1200. (See Flint's Fig. I1.) hence
the incredibly steep gradient!

(5) 1lalf a dozer gravel-covered tracts of 160
acres or more, '. .; on the Palouse Snake
divide scabland, are shown on the Hiaas and
Starbuck geologi-al maps. Two closely associ-
ated ones, just 'ast of Palouse River about 2
miles above its rniuth (Starbuck map), par-
tially bury inter!ve spurs of the preglacial
haJt tch.iaphy. \re nearest cach ot her
th'v a.- scp:ratcd o:!.y by a small streamwa.
drai:.g from L,'!her loess-covered couw y
fartler cast. Two tributaries join, just above
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U the brad, thinly bess-
t Ldi d$above the summit
,ulki. bar, and no sug;&stion of
:h deposits was seen in drainage
It impossible that all that theo.
:ouldhave been carried off these
it was original!y 100-300 feet

,in, and slope wash are available
Aiy been thus effective, there
rnnants of Flint's fill elsewhere
Ues, to theorize about.
i and Starbuck geological maps
-*cy, 1954), made for engineering
d dam constru, -ion on Snake
;raveldepositsabove about I )o
: area covered by Flint's hypo.
>t dam. The highest part of the
gravel is 1120 fect. Along the
nt's fill on the Snakc-Palouse
>f which he showed as 1330 feet,
ap rhows a ragr;ed pattern of
;ulches in b- It, with locss
'cs (but no .' .cl remnants)
id below 1200 feet AT.
t ripple marks cov-ering tie
iutire-mile summit flat record
surface, the origina! top of the

1,A - the altitude of Flint's
:h ice.
ure 9 (1943), showing the delta.
I about 13 feet per mile, alsoie steepening downstream to
The dista! niargin of the sup.

o be at !east 1300 feet AT. for
he Palouse junction in order to
Riparia. The upper lirit of

soding 5 miles farther down.
JO. (See Flint's Fig. I .) IHence
ep gradienrt
:n Cravel-covered tracts of 160
lYing on the l'alouse-Snake
are shown on the Haas and
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ast of Palouse River about 2
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..;ve spurs of the preglaci. I
y. Where nearest each other,
J nly by a small streamway
':,;ler loess-c:vcrcd country

'butarics join, just above

PALOUSE-SNAKE DI

this narrow place. Their 75-degree divergence
upstream (eastward) outlines another basalt
interfluve spur of comparable size, lying be-
tween the two. As shown in Flint's Figure 3
(which hns some cunsiderable altitude errors)
this spur has no gravel cover. The :nap distance
between the two gravel patches is a tenth of a
mile at the west %here the tributaries join anJ
increases upstreamt to three quarters of a mile
across the gravs-frcc spur.

"A single course of fore sets [at least) 35 ft.
thick" (Flint) in the northern deposit, describtd
by 1tretz (192Ra, p. 655) and confirmed by
1lint (1938, p. 479), dips N. 6S* 1. Bretz read
this upvalley dip, away from the Palouse, as
recording introduction of the pebble gravcl
diagonally across the top of the buried spur and
considered both depisits as essentially bars,
their form and location conditioned by the
underlying topography and direction of current.
To Flint, they were erosional remnants of his
SnakeCanyondamiliose flattish tops (terraces)
now lie 125-285 feet below its original surface
- this place.

The outstanding objection to Flint's inter-
pretation here is the inipo:ble survival of the
closely contiguous "terraces" which, down in
the united stream valley, 290-330 feet below
the lowest portions of the Pattith tops and 603
feet below the original surface of his fil, are
only 500 feet apart. By his interpretation, half
a square mile of original gravel cover for the
scabland spur, 125 to near!y 600 feet thick, has
been resmn-ed through that constricted gip
wit out %ideiiing it.

(6) Flint's Riparia Lake received the Snake
River of that time as well as glacial water from
the halouse. tsoutlet must have becna consider-
able river. Notwing in Flint's text deals specif-
cally with this outlet. Ilis Figure 9 has an arrow
marked "Lake outflow" near the southern
margin of the delta. Traced on the flans and
Starbuck geological maps, it traverses a basalt
topography ranging from 8 0 to 1200 feet a!ti-
tude! The arro% therefort indicates aim entirely
hypothetical chanrel across the vanished delta.
Figure 9 also shows four "conspicuous aban-
coned channels" across the site of the dam, two
of them about a mile back from its liw southern
edge, the others even farther back. One does nut
exist. Two are misinterpretal ions of unaltered,
preglacial saddles, related to his lake onl) in
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that they he below its level. The fourth (in SE
% sec. 2h, T. 13 N., R. 36 E.) is truly a small
scabland dacharge route through a preglacial
saddle at lV00 feet altitude, a mile northwest
of Dc)Ruue Ranch and 3 miles back from his
delta's datal margin. It is 325 feet below the
top of the aipposed dam at this place. There are
good nir.'.r har forms at intervals from the
aggradcd f!.t at the ranch buildings (V00 feet
A.T.), (C'. ch also has bar forms) up to the cot.
There :ie cseren unfilh J depressions cl-sc to the
summit, cnr)r p i.J Cf sillII scabland kiobs
aid blr knIls. Obviously, a current of flood
water crossd this saddle at 1000 feet, a part of
the ovef-x shcn the shoulder bar was being
built. li. obviously also it did not spill thence
down tie stccp ravine towaid the Snake. The
scabland r.-tch is not a channel and does not
record any Sr:. ke River course during dissection
of the dar.. rurthermore, its small capacity falls
far short ,! Allison's neds, should he try dam-
ming S.t Canyon below Fields Gulch but
above the mxth of the preglacial tributary on
the far sid: of the saddle.

(7) 1i: a gradient of 13 feet to the mire for
the CI.c:.-' .. P.:1use f1l ar.d the top-set beds of
hyp thet.-:, lparia L.ake dam (Flint's esti-
mate), th: !ic's outlct must have been forced
to skirt t? far southern edge of his Snake
Canyon d:s. This Flint recognized. Snake
River t !, terefore, should be in a post-dam
canyon se.ri:posed on the basalt upland at
that same ;7ace, and the preglacial canyon's
dam sh->. still exist. P:lause Canyon (made
before his *nisode of flling) should still be
buried ii grael, and Palouse River should be
fo!lo%\ i%. .. Washtucna Coulee preglacial route.
I:.stc.id, it Snr:ke has inexplicably flowed sip
the eai:err. :ot of his delta, the lake outlet
cimbi:.; 2 5 feet ciainst the delta's lateral
slopC to r.at and re-excavate the preglacial
canyor, 3 :s north (see Flint's Fig. 9) of the
O1l) place -c glacial Snake could have crossed
the d .' v tn at its nmaxirnum growth. The
ir.egularly 1y Laalt top graphy shown in
F;Zure 23 -'s any notion that the post-dam

,'.e C .. rccxcavating, have shipted
late a , * .to its pg!acial course. The hill
summ.. ... :-! the I Ruwse notch and Snake
Canyo" '. feet A T'. Once caught in the
rotch, the : Cr r.ever cou!d have escaped.

(S) Tr.ere are no shrce lines for Riparia Lake,

3-
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even of the faintest detectable character, on th
soil-mantled gentler slopes of Snake Rive
canyon upstream from the dam, although ther
was ample opportunity for them to develol
during the gradual trenching of that dejxisit a
the mouth of the Palnuse.- Most of I.lint'
Chency-'alouse scabland gravel was "leisurely'
carried off (luring that samne time.

(9) There are no lacustrine dlposits on thes
slopes. There is, however, a widdly distributec
mantle of unsorted, unstratified silt containing
abundant grains of fresh basalt with nonbasaltic
pebbles and boulders extending up to 1300 feet
altitude (Jretz, 1929, p. 407-419). No Riparia
Lake type of ponding in Snake Canyon can
explain the up-valley transportation fur nearly
75 miles of this pc' 'y silt from its source, tile
Chem iy-Palouse scawsand river. Vigorous surg-
ing up the canyon is required.

(10) Snake River valley alongside and below
the summit of the mid-canyon bar is only 1000
feet % ide, and one bluff is all gravel. Ily the fill-
"id-cut hypothesis, this is all the widening the
river has been able to do in the canyon bottom
since Riparia Lake was drained. In cunLtr.tst,
Washtuciia has a bottom width of 20(0-2500
feet for many miles, miade by a small divergent
strand of glacial water. No postgblcial stream
has used the coulee. Harmonizing' these facts
with 1 lint's concept is quite impossiic.

De'is C anyon

Map: Connell Quiadranle, I.S.CS.

(Bretz)

Streamless Devils Canyon, 15 miles west of
Palouse Canyon, transects the san, Wash-
tucna-Snake divide and is subequal in %%idtlh and
depth. Cataract or cascade recession here, as at
If U Ranch falls, made the 4 -mile en-ge along a
preglacial tributary ot the Snake. The glacial
stream made to scabland on top of thewalls,
and it ceased to flow before recession had con-
plctely cut through the divide. A rock sill at the
canyon head, nearly 100 feet above Waslitucna's
floor, is tunneled through by the Spokane,
Portland, and Seattle R. between canyon and
coulee. Summit of the sill is more than 950 feet
A.T., and the bottom of the canyon a mile to
the south has an SOO-foot depression contour.

I'
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e Te canyon is empty thence to the Snake, but

r its flaring mouth has an unterraced, knolled,

e and idged gravel mound rising nearly 300 fect

S aboc the Snake to the south and about 50 feet

a os e a once undraincd depression to the north.
s This muund rojects more than a third of the

%ay acruss tie lottom of Snake Canyon and is

entirely of ravel. The highest part stads

S cily in n idhidth of Devils Canyon. Figure 3

1 sof Plate 9 sliht s a train of giant current-ripple

mrs alf a mile long across it.

rerlint derived Devils Canyon in part by falls

retreat during removal of fill, originally 1300

fet AT. at the canyon head On this fill, the
Devils Canyon distributary r-m1 the Wash-

tucna distributary initially dsewnded 100 feet

in 4 miles (Flint, ig. 11). Eventually it cut
thrugh about 400 iect of basalt at the head to
leave the 150- to 200-foot cataract-cascade
descending from the 100-foot sill. Then the

cnyn route was "suddenly" abandoned

(lint, 93, p. 512). Thereafter, all Washtucna

distriutary water continued down along pre-glacial E:sriuatzel, subparallel to the Snake.

Iju fncitting in both the Snake and Wash-

tuci :, L ru tcl fills was controlled by Lake

land 5. At igilst stage, the lake was only 21

and 25 miles distant. When lowered to Pasco
basin altitudes, the subparallel routes were re-
spectively 38 and 41 miles long.

To provide an adequate gradient for erosion
of Devils Canyon, by falls or by uniform deepen.
in;, the Snake obviously had gicatly to outrun
Washtucna-Esquattel in removing Flint's fill
while, about the same distance down along cachrou-e, Lake T.eis was the common base level,and both streams had only gravel to erode.
This is hardly an acceptable interpretation.
IT - t his Devils Canyon divergence ever could
have continued decepcning, once it encountered
basalt, is likewise unacceptable. That the gravel
mown,d scib!ocking the canyon mouth is a
terraced residue o cithcr Snake or Devils Gravel
is denied by all its characteristics. It is another
scabland Lr. The empty and rock-bottomed
gorge was indced "suddenly" abandoned but
by a stream far exceeding a distributary strand
from a distributary strand of a river no larger
than the Snake.

To uAlle ison's ice-jam theory specifically
for Ice-ils Canyon, we must (1) block discharge9
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he empty and rock-bottomed
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1ry strand of a river no larger

' cc-jam theory specifically
les Inust (1) block discharge

across tile \'alouw-Sn ae divide, (2) contruct
anothier ice jiml in ~a-.lituctia %i ct ojf tl~c hea~d
Of D-ils C-inyun, (3) Leels the narrow canyon
head open while nearly 400 feet of deepcning in
basalt occurs, (4) have an ice jamn down the
Snake or Columbia higher than 500 feet A .T.,
and (5) remodel air older terrace into the gravel
mound in tie canyon mouth. These are diflicult
requirem-nts.

Flini's Deriation and Disposition of
Scabland Debris

(1lretz)

According to Flint (1933, p. 483), "vcry
little" of tile gravel fraction of the Cheney-
Palouse glacimd-river load was carried far enough
down the Siake to reach Pasco basin. Depo'i-
tiun megan prnnmptly in Washtucna Coulee and
Snake Canyun; the detritus being derived from
"scoured b.salt on steep gradients, mainly
along preglacial drainage lines" (1933, p. 46S)
already down in basalt. These would have to be
limited to Cow Creek, Rock Creek, Palouse
River, and a fcw tributaries, and would involve
but a smnall arca compared with the nearly 10D00
square niles eventually s-ept by glacial waer
im the tract of Flint's study. lie visuanlized this
fill as gradually extending upstream and finally
reaching the channel heads. Because all channel.
bottom basalt had by that time become buried,
the channel-head deposits (required for his west-
ward diversion of the northernmost distribu-
taries to Crab Creek drainage) - I to be sup-
plied directly from the ice. Yet their "remnants"
are 65 per cent basalt (Flint).

In Flint's succeeding episode of ctosion of the
fill, the rejuvenated glacial streams "notched
and channeled the newly exposed basalt ex-
tcnsively" (1938, p. 46E), making most of the
scabland he studied. This crosional episode
must have produced far more basaltic debris
than did the earlier scouring. Most of the gravel
already deposited, mingled with this newly
made detritus, was carried across the Palouse-
Snake divide to join the wastage from the S00-
foot-thick Riparia Lake dam. Some entered
Washtucna. All this gravel eventually went
down along the Snake and Washtucna toward
Iasco basin.

About 30 miles below Flint's dam site, the

. . . . . 1 0 2 7

scaLlani upper limits (Secs. 20 and 21, T. 10 N.,U. 33 1 ) are Soo ect aovc thme %,mlley Loitom1(H ere Flint eliieed that scmllaind
graded into Touchet silts.) An average thickness
of 650 feet for the 30 miles is therefore concetiv.
able. A generous estimate of the average valleywidth invokCed is half a mile, thus a Cras l-
storage capacity of 2 cubic miles. If none eni. red
V'asco basin, this rLprcsents all the bas:dt
waste removed front nearly 1000 square miles of
scabland. Es enly distributed over the Checy-raluts tract, it would account for abut !0li
feet of erosion. Allowing for 10 per cent or less
(Flint's estimiate) of glacial drift in the gravel,
and using Flint's porosity factor of 25 per cent
(1938, p. 453): the amount of basalt eroded
is about 7, feet, barcly enough to reneme the
weathered zone under the loc-ss. By using
Wasltacna for additional storage and my leav-
ing smnmll "remnants" in the channelvays, we
may retanum the estimate of 10 feet. But this is
much too small to produce the relief ma bythe scalblarod streams. One cubic mile of gravel
distributed uver the 80 square miles of scabland
on the Palouse-Snake divide alone would pro-
vide a fill u..ly 66 feet in average thickness"
about h.Ji as deep as f'lint's theory requires.'

This cmqputatinn assumes that Snake and
Washtucna valleys were originally empty and
that they received capacity fills. No!hing re-
motmy approaching this quantity of gravel is in
them today. Flint's theory requires removal
down along the Snake as Lake Lewis subsided.
Where has it gone if it did not enter and pass
through Pasco basin? And how could it be
carried acrcss the Touchet deposits, during
subsidence of Lakc Lewis, without leaving arecord? The complicated channling 'n loner
Esquatzel is not th t recorded for Washtucna.
Allison, fiiding Touchet beds o. ly above
scalbland gravcl, dcnied tle contenporancity

The Pre aciat gradient of the Cheney-Palouse
tract su~%14so20-25 fleet pa~s.r mile. Flint's estimate forthe slope of his lt I as 13 feet per mile. Thus the
(l li it at ll.Xicr (: 60 t iles from chan nel ead arid
1112 (met al:,txmle; tnd to he 420 feet thick (1530feet AT.) Ltfire a',y aCqradation tbgan at the head.Sy the tnie agrrad:,on "as completed, it was this

275 fet k~d on the dividr summit (12S0 fret A.T.,2 mil s mu h, ilel r) and Shercfor had to ap
imnpasoie 1,, fIet up on the bordering locssial
scarts. A mimrr error in his ligure 8 is the 7ar scale
by "1, tIc 60 nas of lengtb measures 120 miles.

P_-

PAL.OUSE-SN.\KE DIlVIDE AND) L'll



2 BEZ AT AL--ClAXNFIlF) SCAISINAND OF WASINGTON

-

-

-

-

- -

-

that Flint claimed. With this denial, the writer
agree.

An outstanding infelicity in Flint's concepof a Chcney-P.alouse fill is the quantity o
debris demanded bcfore the scabland was made
An averige thickne~s of 100 feet on the 800.
squarc-mile trac.t north of Iloopcr would requiri
a volume of 13 cubic miles. Subtracting foi
porosity and glacial contributions, this stil
rellains a fatstlslically imliossibile lumntity tC
detive from subljacct balt before sc.ibland
was croded.

When Upper Grand Coulce's cataract receded
through thc monoclinal uplift, the new charnel
head thus afforded was 800-900 feet lower than
any other in the complex. All other scablasid
channels then ceased functioning, unless for a
possible very brief late closure of Grand Coulee
by glacial ice. Hkence the removal of Flint's
valley fill5 must have been compileted before the
opening of the low Crind Couhe route.

A dozen separate valleys cast of Grand
Coulee led glacial water to Quincy basin (Pl. 1).
Their supposed fillings must have been carried
off to that basin before Grand Coulee's capture
of their rivers. If we grant that there was time
enough for this, was there sufficient c.lpacity in
Quincy basin to contain their debris in addition
to what the great Coulce itself contributed?

The profusion of granite boulders along
Rocky Ford and Willow Springs channels in
Quincy basin gravel indicate that they were in
use before Upper Grand Coulec's receding
cataract had reached the Columbia valley.
Drumheller Channels were well deepened by
Rocky Ford and Willow Springs discharge, and
Quincy basin's initial storage capacity was cor-
respondingly decreased. Yet there is clear evi-
dence that Upper Crab Creek glacial river was
still functioning. By Flint's reasoning, it was
still discharging gravel into Quincy basin.

Neff estimates (from U.S.B.R. dat) that a
"bare mininum" of I I cubic miles of rock was
eroded in making Grand Coulee and associated
distributary coulees, all of it carried into
Quincy basin. Ile finds that, if this debris had
remained in the basin, it would have mad- a
fill three or four times as thick as the existing
deposit of scabland gravel. Thus this basin's
fill, even if restored to a pre-channeling plain,
cannot possibly represent the total debris con.

-. 4-.-----
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s tribuied alone from Grand Coulee and its

scabland complex. Great quantities must have

f Kne it out by way Of Drumheller, Othello,
ootz, and Lower Crab Creek. Add what was

yielded by erosion in these deeply bitten dis.

chargeways. Consider that all arc largely empty
tdy. Note that Pasco basin, also largely

Sempty lies almost immediately downstream and

its ighest "remnant" of Flint's or Allison's fill,
I ri t apids bar, 860 fect A T., fobids aI .1,L11t for contemporancous crubion of

vrtuslly all these channels. Where has this
d6ris of lte hypothetical fill gone if not into,and through, Pasco basin? Lake Lewis did not
concide with any scabland floods.

Repetiion of Floods

(Bretz)

If floods of comparable volume repeatedly
swept drwia the Chency-Palouse tract, scabland
maki:g orn the Paluusc-Snake divide would be
resumed each time along the pattern lift by the
precedirg flood. This behavior would be
chan.gcd only after Palouse Canyon's upperfalls (now only 20 feet high near the head of the
200-foot canyon) had retreated across the di-
vide and only if later floodings could be carried
off through it and the old Washtucna Coulee
route. Did more than one flood cross the summit
of the divide?

One approach toward an answer lies in rela-
tions of Paiouse Canyon to the bars south of
Snake River at the junction. The top of the mid.
canyor. bar is 130 feet higher than the foot of
lowcr Palouse Falls, only 5 or 6 miles distant,
and 60 feet higher than the foot of extinct H U
Ranch cataract. Were these "waterfall" canyons
eroded Leneath the deep torrent that made the
bar!, or are they products of a later flood?

Matthcs (1918, p. 258-259) has described the
intense, quasi-vertical, vortex suction in turbu-
lent streams (his Type II) as kolk action,calling it "probably the most important macro-
;urbulence phenomenon in* natural streams"
and "the most powerful form of concentrated
cnergy at work on stream beds." Once the un-
parai!lc!d magnitude of scabland streams is
realixcd, the kolk, which is essentially a sub-
fuvial tornado in structure and in velocity
rclative to surrounding turbulence, can readily

1028
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be accepted as the lifting mechanism in excava-
tion of the great rock basins."

26latthies notes that the most effective pluck-
Ing action of a kolk occurs on downstream-
facing vertical faces where cavitation is at a
maximum. Celilo Falls, at the head of the Dalles
of the Columbia, is 20 feet high in low river
stages but dispp-ari during fl'ods when it
becomes a "subfluvial cataract" with maximum
kolk action on the same rock in which the
many scahland falls were developed. Can this
idea be extended to include the production of
subfluvial crosional forms which, after the
stream has vanished, look like abandoned water-
fall cliffs, plunge pools, and recessional cataract
gorges?

The lack of continuous marked channels
leading across the Palouse-Snake divide to the
several abandoned cataracts is comparable to
the relations of cataracts on Trail Lake anti-
cline's southeastern limb. It debars any reason-
able interpretation of such cataracts made by
individual streams across either divide. De-
velopment beneath a wide sheet of water is
demanded, and this would require subfluvial
origin by kolk action.

If 11 U Ranch and Palouse falls and their
recessional gorges are not explicable by the kolk
concept, then there must have been some
marked change in conditions, particularly in the
level of water or debris in Snake River Canyon,
after bar building and before completion of
scabland canyons, a change at least suggesting
two episodes of flooding across the divide.

Another approach toward an answer is sug-
gested by the much smaller proportions of the
short channel leading to the II U Ranch cataract
than those of the cataract itself before the
notching of its lip. It is comparable to the minor
channeling above the lip of 'otholes cataract
and suggests the same thing, a later and smaller
flood.

The lowest brink of 11 U Ranch falls has the
same altitude as the top of the shoulder bar,
although 7 miles farther up the glacial stream.
Most of the rim of the Davin gorge is only 50

" Mr. Matthes permits us to quote from a letter
that "as regards kolk action, the negative pressures
involved would easily account for effective plucking,
especially in the case of columnar basalt whose
shrinkaxe cracks would facilitate plucking." He
adds "I like your comparison of a kolk to a tornado".

1021)

feet higher. Unless the cataract and gorge areo(
subfluvial origin, or adcquate lonering of wAtca
or debris in Snake Canyon occurred during a
given flood, this third approach indicates that
two episodes of flooding are required for tha-
relations, the shoulder bar dating back to an
unnotched brink of the fal t s.

A fourth approach lies in scabland cany.aa
relations in tile vicinity of Davin Ranch (l'.
19), west of the large group of residual locisi-il
hills interrupting the summit scabland of th'
divide. Several square miles of prescablatl
Palouse locss topography :s between Palou .

Canyon on the cast :, the 1t U Rati al
cataract and Davin gorge on the west, and ex
tend south to the brink of Snake River cany.aa
A small scabland coulce crosses this residlsal
tract, from northeast to southwest, and cit. 1
the gorge at the Davin Ranch. It heads ii a
group of iregular chanrncls which are casc..l--
rhuts rather than cataract a!crves. The la I
mile of this coulce is wide and gravel floori.
It obviously is a mod-fied, minor, pregiatirl
tributary of the Snake, as also is the last..-
miles of the Davin gorge.

This tributary's gravel flat hangs, witho.ut
any notchilg, about 140 feet above the adjacI
gravel-covcrcd ficr of Davin gsrge. This set -
too great to ascribe entirely to excess depths .f
water in the main channel over that in th--
tributary. It seems obvious that the gorge fl...r
was lowered after the trbutary ceased to fl -

Although water for both the tributary casc.sl-
and the main cataract had to cross the us-
channeled divide summit at 12S0 feet A.T. I,,-
fore cntcring cither one, the channel to 0h
cataract headed 3 miles farther upstream th:a
did the cascade charncl. Also three otilr
c.scade or cataract gorges, tributary to Pal,-,
Canyon, head at this altitude within a milh: f
the II U Ranch chan?,cl head. All must h:.-
operated after Davir,'s tributary cascade cl.u"
ceased to function.

A fifth approach lies in two sets of glac.:J
river-bottom records, separated by a verth:d
interval of 150 feet or more. A channel aro6rr -l
the southern slope of the semi-isolated hill a:.l
its appended shoulder bar (Fig. 21) has a r
at 810 feet AT., approximate!y the same .6-

tude as the D:vin gorge floor at the junc',n
of its hai.ging cascade-chute tributary. Ij.-

PALOUSE-SNAKE DIVIDE AND ENVIRONS
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tancL's to the Snake are 2 and I !j miles, re
tively, ani tile iouthings in Snake Canyn

Only 2 m iles ap. rt. In co mntr. st, ti e sho ,

bar s flattish suntnnit (at 1000 feet A.T.) isfeet above the channel to the south, andcasscade chute's gravel fill (between 960
-000 -'vt A.T.) is 120-160 feet higlem thanDain gorge floor. These 'lations strongly

gast 111"t two floods crosscd the Palouse-Sn
divide, tire earlier one making the shoulderand the cascade-chute fill, the later one findlower levels (of ponded water or a debris fillSnake Canyon and consequently scouring
the clianm1l south of the bar and lowerin..floor of the gorge. The abundance of laboulders on the brink of tile Davin terraoverlooking Snake River and the unfll

plungec-jAol trench at the foot of the falls (F19) testify that It U Ranch cataract w.operating at high efficiency to the very endthe second flood.

CJ1L:NLY-l'ALOUSE TRACT NoRII, of
PALOt'sE-SNAKE DivIDE

1faps: 11"1gc, I/ns, LaCrosse, Sofrbuck an
1ashlucnd quadre~ngles; Ui.S.C.S.

Multiple Scarps

(Jlretz and Smith)

A traverse front Sprague to 'ashlitucn
(M'. 1) and a re~ti~ainof tl., w~illowCreek bar constitute all the study given t hetract north of the Palouse-Snake diviile in 1932.

T he travers e w as mde to ind tm ultilc scarps
in the liordering lov.s I'luffs, features ushidi
Flint had stressed as "conspiesous" ei(lsfccfor his pisolde of dissect i,,n folowing tie,aegradation. Ilretz had no notes or memories
regarding such things.Four POssitle multiple scarps were seen in

this S-nile travers The lon er nmenbc of cach
double scarp as a 'rounded form, not a sharply
cut bech, appcaring low on the slope and hav-
ing a narrow tread. Time did inot permit ex-
a muin..tin on foot, a id comments cre are only
Su-gctd alternatives to Flint's explanationt
One suggesioli is that low gravel bars drpoijited

aq aiist the b se of the oe s sc-Irps and subse-qucitly scarped in turn would produce thiu

n~l'cc. "17"ct of crosional terracing in the ioess (Pl. It
are fig. 2) Another suggestion is that masked basa
1 *v le" s .'-y be responsib ke.u Another is base
160 oin Culer's rport (1937, p. 58) of prbabl
the Rinald remnants i the basal portions o

a uh n r UW-P iited hills." Another, thought to 6.the su*rI ted by other features of a particular cu g- istat stthey are rcmnants of the prescablane
ar topography, so situated that the
bar erger, steep slpe appears to belong to theg iab lad enserble. A fifth suggescj,,n is born of
i ns inL b u ried , ca lich if ed zo n es c lse ,h e re in th e

ut Pal.usc ss. Such, bing more resistant
r e c..'Lj P.-OdUCC the effc t of m ultiple scarps
r e l sl rc subected to lateral crusin. A sixth

e a!ernaive comes from locating Flint's most
ed cormvciolg double scarp (his 1'!. 6, fig. 1). It is

ig. a rrc Lack Up a narrow nonscabl.d tributary
aso f V ashtuc a Coulee and 250 feet hi!.cr th n

Of the Coulee floor. Although boessial scarps facing
tie COL:eC along this stretch have bases a littlehielcr t01a1n this, only back filling could have

OcCurr d here. At the entrance to Washtucna,
this tributary has a heavy gravel deposit almostas h; as the base of his double scarp, (See

d N -% ,:A L . ,,-1Z i~ l m a p .) T h e fc itu re h e i Mlu s-trfaJd is, as he admitted, a record only of thettream's work, which surely is post-scab!anj.
However, double scarps could be produced by

gL'cal-river strands %hich did not, ir. their firstcpecratic, cut down to a b:L-alt flor arnd hence
id ci-; frtisty in a later floodi, to dtepenif l~czs T .is procedure would be favored if an

ad.j3c-.n larlicr strand had bwcn deepened
5 e during the frst episode to give

c gradient to the smallrr oe in the!vcond. Indtd, eight of the double scarps listedb. FTnt are closely associated with such small

. liryan (19317) figured a loessia island in the
Che-) painu-c tract near the Ralston divide crow

Z"~: .J.' e. of N~ate 1, shri%%s 50 O fe., b! asalt ins
eofits arp. Bretz studied that hill

a: Imr vn ..% ca le his a tten tion to it. T o g et
b fc Of a t reuires measurement from the

!ora e of a clnrlIY associated scabland channel,i. the s nrp. A ow the hil any ba-itt
thd to-', rccbsoulh-fucing 1cd of prescab.

l r o ri, , tracc .a2le for a m iles te.-a l yi ou t
ae st. e ser a brtalid u on either side, provides this

L't rea t of the l d e occurred under
te sca l, d risr's rosi on to lcave a foundation
f Llra14 i' e In er art of the sar. ryan ote

-o t.e- "a-,lt in the scartp "by slusmpof soa

rC,-, ai1cvc.

IRM-r R.T Al. 
-ACNXIIID SCtf' D OF VASIlVGro.

J
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ing i the loess (P. 16,
in is that niasked basalt

I.ponsible.n Another is based

.t1 (1937, p. 58) Of probable

.ts in the basal portions of

ills." Another, thought to be

Wr features of a particular case,

remnants of the prescabland

a,11y, so situated that the

PC appears to belong to the
.c. A fifth suggestion is born of

dichified zones elsewhere in the

Such, being more resistant,

the effect of riultiple scarps
I to lateral erosion. A sixth

es from locating Flint's most

.le scarp (his Pl. 6, fig. ). It is

. narrow nonscabland tributary

oulce and 250 feet higher than

Although loessial scarps facing

this stretch have bases a little
,, only back filling could have

\t the entrance to Washtucna,
is a heavy gravel deposit almost

base of his double scarp. (See
iap.) The feature he illus-

admitted, a record only of the

wo' which surely is post-

.bki rps could be produced by
itnds which did not, in their first
!lwn to a basalt floor and hence
v in a later flooding to deepen

:ocedure would be favored if an
r strand had been deepened
:ing the first episode to give
'lient to the smaller one in the

. eight of the double scarps listed
,sely associated with such small

) figured a loessial island in the
tract near the Ralston divide cross-
-.1 Plate 1, shows 5o feet of basalt in
Uf its I.srp. lirLta $I tulieJ that hill
called his attenition to it. To 9,.t
t rquires nicasureicnt from the
-Cly assciatcd scabland channel.

:thern end of tie hill has any basalt
l6w, iouth-facing ledge of prescab-
.atc for a few miles laterally out
'ard on either side, provides this
Istreat of the ledge occurred under

,ci's erosion to leave a foundation
I .er past of the scarp. Bryan notes

: ult in tie scarp "by slumnp of soil

channels separating small loess islands, and tr

only three face large channelways. of

Although Allison (1941, p. 55) described no ac
such topographic forms, he accepted Flint's It

statement regarding their common occurrence fl

but derived the multiple scarps from local ice w

jams. la
w

Afeanider Sears
C

(Bretz) b

Loessial islands are strikingly streamlined n

with the glacial-river courses (Pl. 16, fig. 1), and

most of them have sharp prows pointing up the a

gradient; obviously they have been made by s

glacial-stream erosion. But do these narrow, s

elongated, residual hills and the narrow,

elongated channels separating some of them fit

the pattern that would be lkft by a stream (or

streams) as small as the Snake, meandering on
"great areas 10 to 20 miles wside"? Where are

the meander scars in the locsial scarps? .

Flint did note four exampks of "crescentic

undercut faces and slipoiff slopes" (1938, p. 475)

in the scabland deposits, none of wbich remotely

approaches the Mose, Lake pattern, but he did

not state, as lie did for multiple scarps, that

there are "scores" of cnse%. There is no comment

in his paper indicating that the "scarps and

benches streanicut in the 'Palouse soil' . . . , re-

cording streams cutting laterally on various

profiles" (p. 472) bear any meander scars.

Topographic naps, aerial photographs, and

field inslection have revealed none to the

authors.
Flint's "leisurely streams with normal dis.

charge" began their work of degradation in

many places on a fill banked up high (90 feet in

his fig. 4) against confining loessial slopes.

Removal of such fill to expose and in most

places to scarp, the buried loess apparently in-

volved no normal meandering. Indeed, he found

places where tie relti vly coarse stream fill
had been remnoved and pre-fill, uiscarped slopcl

of the fine-textured locss "exhumed by rinsing

rather than by the more drastic process of

lateral planation" (p. 4M'). This process of
"rinsing" is not quite convincing.

Eardley (1931) was impressed by the "magni-

tude and manifest rapidity" of Yukon River

meandering. Reports of re:idents and ages of

ees in abandnned channmls led to his estimate
l000-20no years for a meander loop to shift

russ the 10 mile (average width) flood 1l14.
e judged the Yukon to be degrading its valley

or in the process. Concomitant widening,
here manders undercut valley walls, is
rgely in frozen "Yukor silts", and the greatest

idth attained is 35 miles.
Tihe locs.ial bluffs undercut ty Flint's

hcney.1Palouse glacial river may well have

cen similarly frozen, but his stream's load was
uch coarser than is the Yukon's, its gradient

auch greater, and volume of water much less.

ny possible meanders therefore were smaller

nd less active. One wonders how long this

cabland river's meanders required for removing

lie great fill of Flint's hypothesis-i.e., how

lowly the Lake Lewis dam wasted away.

alley glacier and landslide dams in historic

inie have had very brief lives compared with

Eardlev's estimate for one valley-wide meander
weep. Epcirogeny as fi-st choice for the cause

of the fill and-cut sequence would have escaped

this particular criticism.
We can accept heavily laden, braided, aggrad-

ing str:Ins isith gradicias of 13 feet to the

mile (rlint's figure) but r.ot degrading rivers

approxi:r.-tir.g the size of the Snake which

meandered on gradienis increasing to 20-25 feet

per mile. Allison (1941, p. 5G) called "imi-

possible" Flint's concept for removing the fill

he postulated- The writers agree. Furthermore,

they believe that such stre-ms could not have

eroled the bedrock scablands, even with their

final hydaulic gradient douLled.

1illraw Creek Bar

(Bretz)

The new Penge and LaCrosse quadrangle

ma;s show that Willow Creek flows from a

typical, m:%.JrC Palousc locss topDgraphy into

a Ent nearly a mile wide mouth of LaCrosse.

The crc k skirts this flat in a ravine ablut 50

feet dee1 and thence enters a narrow valley,
which it l:aves to traverse scabland to the

Palouse. The creek still follows its prescabland

course, but the marked valley widening south

ol LaCrctue is due to convergence there of six

or seven lateral glacial channels from the north,

separated by elongated locssial islands (Fig.

CHlENEY-P.\LOUSE TRACT' NORTHl OF PAL.OUSE.SNAKE DIVID.E
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22). Three of the channels Are bottomed on
basalt at their heads and the broad flat is sur-
faced with basalt gravel.

The Willow Creek bar lies almost at the
valley's entrance into scabland, in sections 23
and 26, T 15 N., R. 38 E. Ilretz (1928a, p.
617-618) described it as a ridged gravel deposit
once built across the creek valley and suba:
quently trenched through by a narrow, post-
glacial gulch. Flint (193S, p. 478)-finding (1)
cut-and-fill recorded in lenses of silt included
in this deposit, (2) fure-sets dipping both up
and down stream, and (3) failure of some to dip
parallel with the surface slopes-claimed that
this valley barricr was "a remnant of a formerly
continuous fill."

Allison (1941, p. 68-69) agreed with Bretz
that the bar is constructional and wondered
"how ordinary streams could have removed
[Flint's] fill in the scabland west of the bar and
yet have left the numerous Palouse islands and
the seven channels across the divide west of
LaCrosse except under conditions of ice block-
ade"-conditions which lie did not specify.
One unavoidable condition was that the ice
blockade must have been 10 miles from end to
er.d across the entire Chcny-Palousc tract
(with one ccntral interrupting bcessial island)
and about 400 feet thick in the deep preglacial
Palouse River and Cow Creek valleys on either
side of the island. Another limiting condition
was that the supply of floating ice must have
been abruptly terminated on completion of the
dam, or the dam must have promptly failed;
otherwise the seven narrow channels could not
have escaped similar blockading.

As shown by forc-scts in highway, railroad,
and creck trenches, the Willow Creek bar is
composite, composed of bas:dlt gravel brought
up-alley from the west, and sand and light-
brown silt brought downvalley from the cast.
A marked disconfornity shows that there were
two episodes of deposition separated by an
interval of erosion.

The form of the earlier deposit no longeri
exists. Its exposed gravel is largely horizontally

bedded but has eastward-dipping forc-sets
locally. It dammed Willow Creek, causing later
deposition of silt on the upstream (east) side,
lenses of which tongue out west vard into r.,vcl
rcbandled by the creek during the croional

interval. Tle creek subsequently cut a ravine
through the deposit al-d, as shown in the high.
way swetiun, m.Ade a steep, cast-facing bluff.

During the second depositional episode,
scibland water from Palouse River valley swept
up lower Willow Creek, eroded the west slope
of the first drposit, tossed gravel over the top
and dosn the face of the stream-cut bluff to
build the conspicuous, long, east-dipping fore-
sets that occupy tie whole vertical range of the
east half of the highway cut. The bar thus
reconstuctil a barrier to the creek, one that
the stream has again succeeded in breaching.
The earlier deposit may also have been a bar,
or it may record a prescabland Palouse-
Washtucna valley train, here built back in
deltaic fashion into a tributary valley's mouth.

If the bar form were only a remnant of a
former coitinuous fill in Willow Creek valley,
why is it lingering in this narrow place" where
six or seven glacial channels from the north
discharged across it and %%here the drop today
is 80 feet along the creek, and 200 feet from the
bar top, to the Palouse l1', miles away?.It
should long since have disappeared as did most
of the glcial-river dEposa:s under uhich Flint
buried the whole, broad, flattish Chcncy-
Palouse tract. Its location is the last place to
expect a lingering remrazt.

Sr.sACEwAa SILTS NEAR PALoMSE-SNAEE
JSINC-rio%

(Bretz)

The fill-and-cut or ice-jam theory may ap-
pear to find support in the slackwatcr silts back
in valleys tributary o the spabland ansi in the
Snake and its tributar'es upstream from Palouse
River junction (llreta. 1929; Luphcr, 1944).
These silts are similar tr. the Touchet beds, al-
though commonly they record currents flowing
up the tributaries. They do not occur near the

"At 50 feet above the creek, the rxvine across
the bar is :. third to a quarter as -ide as the creek
valley for the seat 4 miks upstream, and at 100 feet
above, it i, k-ai than hall as wide. Summit of the bar
ridge is about 30 feet hgher than the creek at the
transection, Pnd less thar. 1300 feet A.T. Flint's fill
was narly 4M3 feet thick here (1938, p.478), reach-
ing 1700 rect A.T. Thus more than 400 feet has been
eroded awsay so leave a raikl-wide vallcy bottom
just upstream from this constricting ridge at right
angles to the valley kr.gtb.
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torrent-made bars in the region of the Palouse-
Snake junction, suggesting that they are con-
temporaneous. Bretz has no very definite
interpretation to make, except that (1) they
clearly are deposits from glacial water that was
flowing back up the tributaries from the
Chency-Palouse scabland and Snake River
canyon, (2) they record some rhythm or repeti-
tion of conditions, and (3) they are onl% mantles.
ranging through a maximum of 700400 vertical
feet on the slopes. They are not terraced
remnants of a continuous fill *. their upper
limits which are essentially -e s of floated
erratics upstream in Snake Ri% Nr canyon, 1300
feet A.T. Sonic exposures in valley bottoms
prob.aly are in materials reworked by post-
glacial streams.

Fresh highway sections were available in
1952 in the bottom of lower Tucanion River
valley, which enters Snake River just upstream
from the mid-canyon bar. Here a massive silt
without current bedding appears to be the basal
member. It could be a turbidity-current de-
posit. Disconformahly overlying it is' a fine
sand with scattered pebbles, some consisting
of the massive silt, and with some thin gravel
units. At the base of this member may be a
breccia of the massive silt. Channel cut ani fill
is common along the disconformity. Forc-scti
record an upvallcy current. Coarser material
lies above and intertongucs with this ncinber.
This also contains upvalley fore-sets. Sorting
is very good locally in this third member, and
there are some silt lenses and pebbles of
foreign rock.

Equally signifcant but somewhat different
records of a surge from scabland channels back
up preglacial tibutarics with no other access to
glacial watcr crist in every valley entering the
Chency-Palouse tract for 50 miles north of
Snake River canyon (Bretz, 1929). The deposits
constitute a mantle of loess-derived silt with
abundant angular grains and granuls of un-
weathered basalt, a scattering of pebbles of
foreign rock, and some erratic boulders. Com-
monly this mantle is unsorted and unstratified
except locally on valley floors. Where bedding
exists, it commonly records upvalley currents
from the scabland. The upper limit in any one
tributary valley corresponds to the upper limit
of glacial-river water at junction with the main

dischargeway. The deposits are thickest and
coarsest in the tributary debouchures to
scabland, and any stratification in such places
is prevailingly fore-set out of the scabland and
up the tributary. In numerous places, they
are mounded scabland gravel deposits with
k.*g delta fore-sets comparable to the bars
already described.

The outstanding feature of this backwater
silt is the record of repeated upvalley currents
during deposition of as much as 40 feet of
material. No record of downvalley currents,
except where postglacial rchandlirg is probable,
have been found. A bursting dam farther down
the Snake or Columbia would inevitably make
strong currents downvalley. The coarser char-
acter of the material near the valley mouths
and its gradation, in the farthest upvalley
deposits, into a fine silt without sand or granule
gravel units seems to indicate that it is grada-
tir.al with scabland sediments, but neither the
fIll-and-cut theory nor the ice-jam theory can
account for the reverse currents, the mantle-
17ie character of the deposits, or the succession
cf c ents recrded. Rcp:ated upralley surges
from the scablands could leave such a record.

Perhaps two kinds of backwater episodes are
recorded in these deposits, both with upvalley
currents. The well-sorted, well-strazifled valley-
bottom deposits may be the consequence of
melt%%ater incursions from normal valley-train
building along the main scabland routes. Be-
cause, however, floods have all but destroyed
any record of valley trains, survival of such
valley-bottom sediments seems anomalous.
Furthermore, thcir existence in Snake tribu-
tarics above the Palouse junction requires a
Plouse canyon, an Allison ice dam, or a Flint
f(Al in order to cross the divide.

GLACIAL LAVES MissOULA AND
CoEUR D'AL,:rE

api: Greenacres, Mcdical Lake, Oakesdale,
Packsaddle Mtn., Priest Lake, Rathdrem,
Spokane 1911 and Spokane N E 1950 quad-
rngrle: U.SS.

(Bretz)

The Pleistocene history of the region is still
only sketched, Lut the writers believe it reason-C)
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*ine history of the region is still
Lul 'I writers believe it reason-

CLACIAL LAKES MISSOUL

able to postulate that Glacial Lake Missoula's
history included several dinuming& and several
burstings. Pardee (1912) has described giant

current ripples, huge bar deposits, and greatly
scoured sLalients along and north of the narrow
Clark Fork Valley portion o! the Lake Missoula
basin, produced by "a audden failure of the
ice dam that blrcked this valley" and the escape
through it of a large volume of water impounded
in .he Rocky Mountain Trench. lie calculated
the discharge as nearly.9K cubic miles.per
hour, and his title, "Unusual currents ... " is a
fine example of understatement. Continuous
discharge at this rate would empty the lake in,
about 2 days. But Lake Missoula could nnt
have been emptied across the plateau until.
Upper Grand Coulee's cataract recession was
completed. Exlensisc, thick, varved silts and
clays, with glaciated stones dropped from
bergs, probably tell of long-continued occupa-
tion of the deeper portions by a much smaller
glacial lake or lakes. The varved sediments in
the Bitterroot Valley portion lie a few hundred
feet higher than comparable deposits in the
Rocky Mountain Trench, yet are farthest from
any lobe of the Cordilleran ice-sheet. There
arc outwash gr.:veLs above silts and similar
gravels beneath silts, and relations vary in
different at:ns of the very irregularly outlined
lake. Pardec's illuminating discoveriesa are.
only the beginning of what eventually should
be a series of detailed studies of glacial pondings
in western Montana.
.Bretz has examined the mountain summit'
at the extreme northern end of the Bitterroot
Range where the Clark Fork and Pend Oreille
valleys diverge southward, (Figs. 23, 24) and
against which the glacial dam for Lake Missoula

0 G. A. Thiel (1932, p. 432-45S) has described
giant current ripples made by an observed abrupt
emptying of a .\Minnesota lake. The ripplcs were
30 to 50 feet aart. They !howed size sorting; coarser
fractions of the ddbris were left in the troughs as
win"owing carrirt the finer gravel forwaid to t e
crest c' the ripple. F'orc-set bedding in the rippjles,
conformable with the lee slope s as not reportd,
although Pardec noted and figured such structure in
his I.ake .issnula giant riples. This item of fore-
set structurc is lacking also in the argunmet of the
present writers because no sectints were found in
the scabland ripples, avd there was no opportuvity
to rae aty. Ncith':r %.cre la6-culbli colicctions
seen in the troui:hs ar.,ong the scablaud ripples, per-
haps because of incnp;icti'ns di 1.olay, perlanps bc-
cause the rippled gravel was already ecll sizevsurrd.
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was built (Priest Lake quadrangle map, Idaho-
Montana). There is no notch at 4:00 feet where
Davis (1921. p. 140) speculated on an outlet.
The ancroid read 4800 feet for the lowest saddle
seen on the ridge, a saddle that has no channel
features." No suggestion of glacial ice above
3350 feet mas found in the northwest branch
of Johnson Creek %alley, the route followsd to
the summit. The hichest record found, a granite
boulder, may have been berg-floated. The
summit of the clfied northern end of the range
is 2000 feet abuvc Pend Oreille Lake surface
only a mile stay. The steepness of the ice
front here makes fea'ille a concept of cata-
strophic emptying of the lake, once weakcning of
the dan biegari and hyiraulic quarrying under
a head of 2000 feet of water took over. Lake

Missoula probably never had an outlet, other
than chalinds across, leakages thruugh, and
failures of its glacial dam. Had the dam rc-
mained intact through any one glacial episode
the lake ccrtai:.ly would have risen to the
lowest saddle. Discharze there would have
channeled it and made a striking cascade chute
down the western slope

The multip'icity and very immature develop-
mrent of Lake Mi ola's shore lines argue
against a long stillstand at any one level. Al-
though the highest of the series is no stronger
than any others, the universal faintness may be
due in part to submergence as the basin became
filled. If there were several fillings and empTy.
ings, the %seak and close-set shore lines may
constitute a composite aggregate of later
rivountainside scorings interpolated among
earlier ones, the vertical sequence not being one
also cf time as Eakin and Honkala (1952, p.
1361) conceived it to be.

Although the late Wisconsin (Polson)
mor.aine in Flatlcad Valley may have been built
subacrially Al.cn no Pcnd Orcille glacial dam
existed, and the shore lines on this moraine
inscribed Intcr (Xobles, 1952), it do-s not follow
that there had never been any earlier pondings
in the Lake M issoula valleys. The Elmo moraine
at the head of Dayton Day, on the west side of
Flathead Lake and contemporaneous with the
Poison moraine, has a few faint Lake Misinula

1 Pac:k4ddll Mourtain quadrair;le map, U. S.
Geol. Survcy, pubishet srbseqjuer-tly, shows a lower
s-ddle f.itti r sutth. but it i% 460r feet A.T., 443
fcet higher that the taLc's highct shore line.

___ ___- .--------------..-.---.--.-- "----- . ---
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shore lines, whereas the valley slopes just oul
side the mnraine are well scored with numerou
fairly definite shore lines, certainly older tha
the moraine. Furthermore, outwasjh from th
moraine occupies a trench cut in a valley floo
of lake silt. There may have been no Lak
Missoula in the southern part of Flathe
Valley when the Poison and Elmo moraine
and the Elmo outwash were deposited, buthere was one before and one afterward.4

W. C. Alden's long-awaited Physiorapyq imit
UI.cial g emdmy 'f uetern Meno,. arnd G-jicernt erdil

(U. S. Gool. Survey. Prof. I'aper 2.31) was distrib.uted just before the manuscript for the preseni
study was submitted. Al'en's (1953) comments onglacial lakes M'issoula and Coeur d'Alene and theplateau seablands involve the following items.

(1) (p. 155) The 4200-foot saddle or cot across thesummit of the Bitterroots that Davis thoughtmight be a Lake Missoula outlet was similarly inter-preted by Alden. This idea is based only onstudy of the 19 13 P'riest L~ake topographic map(scale 1:250,000 and contour interval 200 feet).Neither man could have made a field examination.Alden was "certain that the glacial ice dam wasmore than high enough to have held a lake up totle level of this col" (p. 143), but it obviously never
had atudied time Paekbaddle blountain quadrangle

2) (p. 142) "There were probably at least threeglacial invasions of the Purcell Trench".
(3) (p. 14.1) "It is probable that every time theRatldrum WPend Orci lcl lobe of the Cordilleran iceadvanced southward alming the Purcell Trench, itcrowded Southeastward from Pend Oreille Lakebasin into the valley of Clark Fork whose drainagebecame completely dammed . .. Iforming a LakeMissoulal."
(4) (p. 155) "There seems to be no doubt that themouth of the gorge of Clark Fork was dammed atleast twice near the Idaho-Montana line. "(5) (p. 143) Glacial ice "must have crowded

aainst the lower slopes of the mountains westo.. -. Lake Coeur d'Alene and must have overlainthe 25W-feet basalt bench west of Coeur d'Alene
[townl."

(6) Grand Coulee as a discharge route for waterfront Lake Missoula is mentioned fp. 146) undcr"Pre-Wisconsim Glaciation", its sill at the headnoted as 1600 feet A.T. There is no comment on thetime or conditions of Grand Coulee's ori-in; only thetacit assumption that the great gash Xen alreadyeuisted at full depth. Under "Wisconsin Stages ofGlaciation" Grand Coulce is again mentioned
(t. 149) as part of the discharge-way for "anotherfilling of ;lacial Lake Missoula", and it is also stated,that glacial water may "have spilled over the partof the basalt plateau south and west of Spokane ifthe Grand Coulee was not open".

(7) (p. ISS) "The relatively slight amount of wavework recorded along each of the . . delicate shorelines of Lake Missoula would term to indicate thatno one stand of the lake was of long duration. Theclose spacing of the shore ies seems to indicate thattile lake level fluctuated a n '.ner of times". Abruptrelease of water from "lowering of the ice dam . .

- One critical region for the theory Of a Lake
s M issoula catastrophic burst is the Southwestern
n prong of the Purcell T seneh. It estends from
e the site of the dam to tme deep Spokane andr Columbia valleys which skirt lte northern

e edge of the plateau where overflow into the
scablarsd chaiinels occurred (Fig. 24). Thes trench, confined by highlands rising above the

t plateau level, contains remnarts of basalt flowsthat were backed up into it. It also contains a
great gravel dqwsit for its full length southwest

might relt in goods of great magnitude . . evenif Lake Imissoula %ere only partially drained. Each
ay Prkaps, have been the origin of many violent

tlhd t are ipposed to are swept over the scaL-
lands -. . (italics ours). Thus Alden rtreatedslightly froni his 1927 position.

(8) (p. 165) The Poison moraine "nay have beendeposited in the lake".

(9) Concerning Pardee's giant current ripples,Alden said (p. 96) of the "somewhat puzlirg fea-
tures" that "sonic of the numerous small eipp ,cs arebeach ridges or bars ... and some ... may be due
to moderate erosion of coalescent alluvial fainsNo genesis for the large ripples, up to 50 feet high,
was Irtms d. The mast desperate eflorts to escapete f o hi tihesis can hzrdly dare use ie abovecurrent ripples on scabland barsurnmitt.

(10) Alden admitted (pp. 96-97) that one of Par-
de' channels ainbow lake gap), contemporan.cous with his current ripples, "looks as though itwere at some time traversed by a river but its open
eastern end now hangs hundreds of feet abose the
floor of the Camas Prairie Iasin on the east aidabove the bottom lands bordering the Little Hitter.root ... to the northwest". Instead of Pardee's ex-
planation, Alden favored either a glacial rier mar-ginal to a possible Camas Prairie lobe (1,.r which
lobe existence he admitted that he could find no fiecd
evidence), or a normal river in Pliocene or early
Pleistocene time, its drainage coming from the sur-
face of a vanished basin fill of Tertiary sedi.ments.But Pardee described the channel as "severelyscoured, exposing the bedrock which remainsbare. .. " and as possessing "channel depressions,
L ral tl thn holdm ponds or marics". Rainbo,'sine, A1 liles long, is the largest unfilled depres-

son. A Plocene or early Pleistocene age for thechannel is very doubtful indeed.
(MI) The ma-sive "high eddy de osits" of Pardeeearlier called deltas by Campbell 1i, p. 142) and

latcral moraines or morainal embankmcnts by Davis
(1921), Alden (p. 159) considered them to be gulch
iouth ills or "lacustrine bars" made at differenttimes during Lake Missoula's history. But harmon-izing their bulkiness with Lake Missoula's "dclicate"simorem'nes is inpossible. The ridged vallryward mar-gins : their summits and the undrained depressions

farther back in the gulch mouths were exp ained asdue to "settling and deepening" as "percolating
water may have carried sore of the finer material
don into the interstices . [of the coarse material
of tie cpositsi" Disposal of coarse contributions to
these basins from subsequent gulch erosion was not
discussed.
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of the dam. This region has been examincd only
in reconnaissance fashion.

Lake l'end Oreille, at the site of the dam, is
relati'cly shallow north of the entrance of the
valley (Clark Fork) which contained Lake
Missoula's westernmost portion, averaging less
than 200 feet and containing several islands
South of this junction, the basin of the lake
decpens abruptly to reach more than 900 feet in
depth fr nearly 15 miles along the length and
more than 11-10 feet for more than 5 miles.
(See Packsaddle Nltn. quadrangle map.) Itsmaximum depth is rcportcd to be 1800 fcet.

The lake surface is 2051 feet A.T. (2018 in
1946). and the bottom is therefore 900 feet or

Ics A.T. i the southern part. This is 000 feet

lower than the brink of Spokane Falls nearly 50
miles downvalley to the southwest and is ac-

tually lower than the bedrock foundation of

Grand Coulee dam more than 60 miles still
farther west.

This deep part of the lake, constituting two-
thirds of its total length, closely margins thewestern side of the northern tip of litterroot

ARange, one buttress of the Lake lIissoula dam.
A clean-cut mountain wall rises in 2 miles from
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nure in depth and a tn-ite wide, leading from
]end Oreille l.'.e as far southward as Lake
Coeur d tlknc where Spokane River, the lake's
outlet, enters it. In the Spokane Valley section,
which extends thence westward to the Falls,
terracclike deposits of stream gravel, fore-set

away from the main valley, block the mou.sas

of tributaries, making swamps or lakes in tlcm.

In the Rathdrum Prairie section, comparable

ponding of tributary mouths has also made

lakes (Ciwur d' Alene being one), but the
blockades are i part morainic and they stand

higher than the Prairie surface.
Flint (1936, Pl. 6) considered that the inner

valley followed by Spokane River has been

eroded in an original fill which, still intact in

Rathdrum, remains in Spokane Valley only in

the gravel blockades to tributary mouths.

This erosion entrenched the early fill at Spokane

Falls about 150 feet and at the junction of

Spokane and Co'umbia rivers, 45 miles farther

downstream, as much as 200 feet. lie also con-
:id d that the uner nrofile never extended

shows that it never hac! an outlct arectiy 10 s ( etc
the plateau. Its highest level is to be associated fari-fr dnan the Columbia but ended at qr a

with upper limits of the scabland channel heads- little below 2000 feet A.T. because a lobe

west of Spokanc, approximately 2.00 feet AT. (Colunmbia) of Cordilleran ice blocked furthcr

The lake, at 2700 feet, had at least four times its transpurtatiun. How the mcltwater passed the

present area of 60 square miles and was 575 blockade and where it escaped were not speci-

feet deeper. It may have served as a great fied. The lower surface, he believed, continued

surge basin, down the Columbia from this junction as a silt

Glacial ice has apparently reached southward and sand deposit almost without gradient. The

down this soutlawestern prong of tie trench as pondcd water was discharged through Grand

far as the drift dam at the north end of ake Coulee (after Steamboat Falls had receded

Coeur d' Alene 23 miles distant from Pend through the monocCinal uplift) while the

Oreille Iake. This portion, now deeply gravel- Okanogan lobe blocked Columbia valley farther

filled, is streanikas Rathdrurn Prairie. At Lake west, Flint considered the Rathdrum Prairie

43MMM SAULAVIICoeur 
d' Alene the course of the trench turns portion of the Purcell Trench fill as the still-

more directly westward (the Spokane Valley) intact surface of the original fill.

ice is 2051 feet A.T. (2049 in and opens to the btstlt plateau at the city of Although it seems more probable that the

bottom is therefore 900 feet or Spkane. 1ere another lobe (Spangle) crossed lower profile in Spokane Valley is continued

buthem part. This i 1000 feet I the mouth of this trench, reaching some 15 upvallcy as the empty Rathdrum Prairie
I miles south of the city, out on the plateau. channel (not noted by Flint) than that the two

hbrink of Spokane Fills nearly 50 Probably the Spokane Valley part of the trench profiles converge eastward to become one nexr

'ey to the southnet and is ac- was also ice-filled at this time. the Idaho-Washington line, as he thought, all

han the bednc foundation of i At Spokane superposition of the river on a altitudes and characteristics of the deposit show

dam mre han 60 mils still 'remnant of the basalt tongue that originally that the entire sequence is postscabland, except

iii of the lae, constituting two- backed up the trench has made the Falls and for late functioning of Grand Coulece.

utah Length, closely margins the protected the gravel fill upvallcy from deep There are still higher stream deposits, how-

fthe northern tip of Bitterroot dissection. The fill does not, however, have a ever, lying in and marginal to the scabland

itthA o the Like M issoula da . simple profile. In the Rathdrum Prairie section channel heads a little west of Spokane; their

uitain w4ll rises in 2 miles from it is traversed by an empty channel 100 feet or altitudes are as mucii as 500 feet above the

,2)i alrss n2mlsfo

lake bottom to average atitudes of 4900 feet

A.T. in Green Monarch Rsidge. The lowest

saddle in this rid;,e is 4600 feet A.T. (Pack.

saddle tln. quadrangle map). This deep basin

can hardly be anyt iing but an erosional product

of its glacial expefielcses, its southern part nnw

deeply filled wit!% gravel which rises ste, ply 400

feet above tl.c water, its slortl Fettly .:,d

mounded from deposition against glacial ice

(Pend Oreille lobe) then occupying the lake

basin. The fill obviously is younger than the

trough.

lctween the site of Lake Missoula's dam and

the plateau scablands, the large basin of Lake

Cocur d' Alene (Fig. 24) extends southward

from the Pend Orcille-Spokane valley, the

southwestern prong of the Purcell Trtnch.

Striated erratic bouldc rs at many places around

this lake up to 2700 Lxt A.T. obviously were

berg-carried to position (Anderson, 1927).

But field examination of the southern and

western slopes enclosing Lake L, -ur d' Alene

I
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upper profile in the mouth of the trench. If the
trench east of Spokane contains correlative de-
posits, they must be the isolated outwash
patches shown un Flint's Plate 6 (1936), ISO-
350 feet above his upper profile. The highest
of these fall within the altitude range of the
near-by scabland channel heads. I he trench
between the Lake Missoula dam and Spokane
carries no other known deposits that might
record glacial water on its way to any scabland
channel head except Grand Coulee.

Although all the Cordilleran lobes which
crossed to the plateau east of the Okanogan
Valley must have stood somewhat short of
maximnumn eatent when the scabland chaniiels
functioned, the deep canyons of the Spokane
and Columbia must still have been buried under
glacial ice. It seems entirely probable that the
Ratlidruni-Spokane valley then also contained
glacial ice and therefore tL.at the flood discharge
traversing it left no identifiabie valley-bottom
deposits.

There remains the possibility of erosional
records, lying higher on the slopes. Five spurs
on tIhe southern slope of Spokane Valley and one
saddle across the granitic hills separating that
valley from the plateau to the south appear to
be significant. One spur is a basalt bench just
west of the north end of Lake Coeur d' Alene,
at an altitude of 2400-2500 feet A.T. Its surface,
2 miles long and nearly a mile wide, has typical
scabland topography of knobs anid buttes and
ridges separated by anastomosing channels
elongated parallel to the higher valley wall,
their total relief about 50 feet. That it is not a
glacially plucked surface is clear from the
character of glaciated surfaces on two other
basalt benches much nearer Pend Orcille Lake,
and in many places ainng the northern margin
of the plateau. Glacial ice smoothed the Co-
lumbia basalt; it rarely plucked except where
forced to climb north-facing slopes. This local
scabland, 200-300 feet lower than the highest
drifted crratics in near-by Lake Cocur d' Alcne
valley but equally higher than Rathdrumn
Prairic, appears to demand glacial water cs-
capin wrward between ice on the north and
the valley wall on the south.

Glacial debris on this bench (see footnote 42,
item 5) is probably contemporaneous with that
in the lake basin's dam 2 or 3 miles farther east,

I,

and therefore belongs to the Rathdrum Prairie
glacial drift of postscabland (except Grand
Coule), valley-fill age.

Four northward-pojecting granitic spurs
between the State line an Spokane possess
scuurcd and channeled notches close to the
higher, steeper valley slopes. Flors of the
notches range from 2200 to 2-IS0 feet A.T.
The distal ends of the spurs are severely
scrubbd whereas higher slopes are not. The
spur nearest Spokane, a ridge that locally
narrows the valley to about half, is just south
of Dishman (Spokane N.E. quad.). Its terminal
mile lies between 2000 and 2500 feet A.T. and
is mostly bare and fairly frcsh rock with a very
irregularly rugose surface. South of it rises
a steep cliff. Above that, the ridge has a
cover of soil with protruding ledges of deeply
weathered gneissic and graniric rock. The bare-
rock part of the spur carries several trans-
verse notches, some nearly 75 feet deep and con-
taining marshes. As with the basalt ledge at the
nor th end of Lake Coeur d' Alene, these features
are ascribed to glacial water flowing westward
between an ice mass in the valley and the
rocky mourtain side margining it, and ecxaping
across the scablands. No argument for great
volume can be advanced for these channeled
spurs, but neither can it be denied.

The saddle across the range of old hills pro!
truding through the basalt south of Spokane
Valley is a broad sag containing two col notches
a dozen miles southeast ci Spokane, between
Nit. Moran (3700) and Mica Peak (5205)
(Fig. 24). The railroad station of Mlica marks
one col, from which drainage goes north into
ChesLer Creek and southwest into California
Creek (Greenacres quadrangle map). There is
sonic channeling by glacial water in the deeply
decomposed granitic rock at the cols, but
obviously no marked current has ever traversed
the sadlle from Spokane Valley on the north
to the plateau to the south. Erratic material is
common up to 2550 feet A.T., but none was
found higher.

. Flint (1936; 1937) mapped the Mica saddle
and most of the drainage area of California
Creek as "drift-covered"-i.., glaciated-with
Mit. Moran as a nunatak. It seems much more
probable that the scattered erratic boulders
and patches of till on which he based his inter-
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pretation were berg-carried to Position. The
fall far short of a --co,,er- for California Cedrainage, and their upper limit is nowhe,
known to be above 2550.

The ponded water for this flotation wa
named Lake Latah (retz, 1923, p. 582) und,
the impression that it was dammed by th
Spangle lobe at maximum extent. It has Ion
since been reinterpreted as a part of an elon
gated body of water just north of the platca
divide wlhich supplied all the scabland channt
heads. The "outlet" for the "lake" was th
easternmost channel of the scabland comple
(Oakesd-le quadrangle) (Fig. 24; Pl. 1), dis
charging southward from the flooded vallel
of north-flowing Latah Creek by at least threo
subparallcl and subequal routes across the
plateau divide to southwest-flowing Pine Creek
and leaving a well-niarkcd glacial river coure
(Fig. 24) thence for 20 miles down Pine Creek
to its entance into the Chcncy-Palouse scab-
land tract. The combination of features from
Mica to the mouth of Pine Creek channel maybe interpreted as the record of an early flooding
out of Spokane Valley before much deepening
of the Chcsicy-P'alousc channel heads had
occurred.

The four heads northwest of Cheney (rig. 25)
contain nine named lakes in rock basins and a
multitude of rock-basined swamps and smaller
lakes. Five of these lakes lie essentially on theplateau divide. Altitudes of channel-headfloors range from 2300 to 2424 feet A.T. With
other channel-head deepening, later floods may
not have risen to the bottom of the Mica col,
2475 feet.

Nevertheless, a marginal meltwater lake
must have existed back of the plateau divide,and the abrupt arrival of a Lake lissoula flood
must have produced some gradient to its sur-
face. Upper limits of the "Lake Latah" partshould, therefore, theoretically be higher th~an
those farther west. Interpretation of Mica col
remains uncertain.

Evidence submitted in this p.per for great
volume of glacial water discharging across the
scabland-sc.irred part of the Columbia Plateau
debars any view that it came from excessive
melting because of climatic amelioration.
Despite the present lack of convincing evidence
for torrential discharge between the Missoul.i,

N, _______

y dam site and the scabland channel beads, there

k is o evidence to contradict the hypothesis that
re enormuus volumes of glacially derived water

were abruptly discharged across this part of

is the plateau. Acceptance of Lake Milissoula as

r the source involves no further asumptions to
ie defcnd the idea.

- epting speculations arise from the con.

cet of a Lake Missoula dam burst. hecy
u include:

d (1) abundance of floating ice riven by the
e dam's collapse;

x (2) magnitude of individual bergs (Bretz,
. 19306, p. 410);

S(3) character of turbulence (excluding the
kolk), as conditioned by local channel volunie

and load and by inherited gradient and valley
shape;

(4) varying velocity of advancing front along
different channeliways, as conditioned by dif-

gfrrisg channel lengths, proportions and
gradienits;

(5) differing time of arrival of flood fronts

and crests at various convergences;

(6) la g in initi tion of channels with higher
oribgil;,l sills at heads;(7) differential yielding of various basaltflo-. s as conditioned by both original and
superimposed structures atnd by varying
volunies and gradients of individual streams;

(8) possibility that waning stages of a flood
made records suggesting successive floods;

(9) possibility that subglacial leakage from

Lake Missoula made the excessive depth of
Pend Orcille Lake.'The writers have endeavored to avoid a
priori speculations as much as possible. Almost
every argument for great volume starts from
adequate field evidence. The cataract cliffs,alcoves, and plunge pools, and the huge rock
basins on preglacial divide summits exist. The
enorn,ous, stream-lined piles of fore-set gravel
on channel floors are a verity. The giant current
ripples are, we bdlicve, unchallengeable. The
upvalley currents in tributaries cannot be
denied from the record. The scarped loessial
islands .Alow no interpretation other than ours.I-urtierniore there was a Glacial Lake
Missoula, 90 to 173 miles distant from, and1700 feet above, initial scabland channel heads,
and it was emptied by continuous valley routes
directly toward those channel heads.

)
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Brctz's Flood Ilypothiesis (1923-1932)

The greatly scarred linear tracts of denuded
basalt interlaced hi a complicated pattern and
elongated with the dip slope of the othersise
ltxss-covcred plactau of castern Washington
have been male by glacial floods entering a
maturely developcd normal drainage pattern.
The adjective "cliaamiakd," first npladul Hl y -
Bretz (19326), and used in a dozen later palpurs
implies that an enormous volume of water
transformed the invaded valleys into gigantic
river channels. Such gicat quantities could
continue to arrive only for a brief time, and a
large volume of ponded water, capable of being
abruptly released, is needed for this interpreta.
tion. L.ake Missoula's volume of 500 cubic miles
(Pardee) back of a glacial dam with one buttrets
most vulnerably situated fo- a catastrophic
failure is argued as the source. Eean then, rep-c.
tition of the c..aaclysmic flooding seems itidi-
cated by the amount of work done by
the short-lived glacial rivers. This paper pre.
sents new field esidnce belie-ed to be cu:.-
sonant only iith the interpretation of repceatcJ
foods. Its leading tLenc is that .he associated
mounded gras deposits have constructiui:Ad
forms, are gigantic river bars.

But the demand for unprecedented volume
has seemed ourageuus to conscrvatisc geolo.
gEs, ad other hiputheses have been ald-
vaiced to expllin the extraordinary crusional
and depositional features of the WVaihington
scabland. Too of them possess sufricivat ap-
parent applicability to have secured adherents

Allison's !ce-Jamn Jypothais (1933)

Allison (1933) argued that the scabland phe-
nomena resulted frotn a dammit in the
Columbia River gorge across the Cascade
Hange, more than 100 miles downstream froit
the plateau scabland. His dam was initiated Ly
a landslide and composed of berg ice and riser
ice. Once started, it grew upstream by succes-
sive inernnets s c aintually pomding the deep
major valleys that bound the plateau ai.d
allowing glacial stream water of normal volume
to cross low places in divides of the plateau's

preglacial drai:.ge system. The complexity of
the scablaund pattern requirt-d maty other ice
jams to provid fur di, idc crossisags farther back
up the plateau slope. Water bypassing these
ice jams in "run-around" lateral chatanels
gashed into the blocked valleys' slopes to make
high-lying scabland and remodeled older
terraces to form "perched" bars.

Allison admit ted that his Cac.,dce Gorge dam
must have bevri 900-1100 feet high but did not
point out aly fkid eviderace for its prccike loca-
ti''a ar fr it% gnat "ru-arutrid" byiss
clamels i 11t gorge walls. Nur has he dealt
adequattly .atIh the resultant flood dl'n the
Colanblia (1932) below the dam %hen th t
great obstructin finally failed. lie ticr lo-
cated alay smanller dams back on the plateau
although he wrote about the excelleit records
left by straiaded bergs in the w idest poding of
glacial water in the region, the Pasco basin.

Allison's greatest dam lengthcned upstream
along the Columbia for 100 miles or mote above
its incupti n iii the Cascade gorge. It thickened
as it lengtli isl, and many diserted literal
strands of the glacial Columbia cut notches
and cham I. a-oss intertlus es bctisecn enter-
ing trilb1tiy alleys and nade grasel and
rubble "dinaps", "deltas", "fans", arid 'bars"
in w\ater pwo.dia in tlherc -a Ileys. Several may
occur at dafkthcit altitudes in one locality, but,
taken as a whole, they fall into a general dc-
scending prof'le for this sallcy stretch (Bretz,
1925). Evenau.lly this ice jam %%as so thick
that the Colunbia becane a series of ponds in
thesc tailutary valleys, standiig at about 1100
feet A.T. fur the entir distance (Albson, 1933,
p. 722). No diversion channels %%cre niade at
this altitaud, only pctly silts and bcrg-rafted
erratic I alders attest the maximurn troding.
Ilow the glicially sn ollen river traversed this
100 miics of irdividul lateral pondings on no
gradient is unexplained. Ilow the diversion
charnels and eravel depo-its near the main
vallvy escaped modification while the darn was
grosiig to full thickness is a puz.lc for the
deeper part of this long stretch of Lake Lewis
was then almost solidly full of ice. The high-
lyiig silts and rafted bouldcers mas not date
froi tIe c wude of diversion channcls and
grascl de;i i!:. Lc's-ing out the 1100 foot
records, Allb(n:,'s picture for this 100 miles of
Coluibia V':lcy is appcaling but lacks any
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Flint's Fill lypothesis (1933)

Flint (1938) proposed that the many divide
crossings and the abundant scarps in loess-
covered tracts bordering the scablands had
resulted from depcsition in the valleys invaded,
a common procedure of laden glacial strcans
but continued here until low divides were
crossed and the li1exus was outlined. Raising of
base level to produce this deposition was pre-
sumably because of a dam in the Columbia
gorge, formed probably by a great landside or
a local valley glacier pushing down into the
gorge. This dam was as inferential as Allison's.
Flint's glacial streams across the plateau were

-

9

idy

positive records of the ice blockade itself or of
a downvalley rush oi water when it failed.

Search was made at Wasiltucna Coulee,
EsquatIel Coulee, Lower Crab Creck, Upper
Crab Creek, and Palouse Canyon, where divide
crossings or latcral canyons sCamed to suggest
detours caused by ice jams in the glacial
streams. No favorable constrictions and no
records of stranded bcrgs were found. Instcad,
the upper limits of the glacial rivers, recorded
in steepened slopes of the bordering oess,
possess uniformly descending profiles along
such glacial river courses.

.ocal ice jams may have occurred in the
making of the scabland but no evidence for
any has been found. Allison implied that
downvalley floods from the inevitable bursting
of such dams made the great mounded scabland
grave dposits (remodeled older terracei)

mhich he recogniced had l.argely constructional
forms.

Allison also theorized on a deep fluaal1 fill
in the capacious Pasco basin. This basin was
undoubtedly occupied by glacial weater up tothe linits specified, but the only deposits which
might conceivably record his detrital fill are
huge, elongated mounds, 100 lect or more
above the bottoms of closalv associated de.
pressions, both forms streamlined like the bars
he identified in Snake Canyon, but I)ing out in
the middle of a river valley more than 15 miles
wide. The largest depression contains a closed
basia o mile long and more than SO feet deep.
ile found only one terracclike gravel deposit
in the basin to fit his theory.

shallow and "only small pieces of glacier ice"

ever floated dusn them. During wastage of the

dam. te glacial streams gradually removed
their fills to leave remnants (15 per cent of

original deposit s-Flint) which he called
tiracs modified by creep and slopewash;

En varous states of [subsequentJ dissection."

Every oigh-lying minor unit of the plexus was

as dell cleaned out as the larger, deeper ones.
- de-swinging meanders were a feature of the

ditection on the broader (10-20-mile) tracts.
TIic rugged basalt scabland, including the
numerous and spectacular rock basins, was
made larlely during this removal.

This Columbia gorge dam must have wasted
away very slowly, fur the nearly cornplete re-moval of the fill in scablaud rouses was all done
with moderate quantities of glacial water while
also the valley bottom basalt was bLir.; scarified
(by meandering streams!) into the butte-and-
basin topography charac'erizing tcabland.

Flint's interpretation of the gravel deposits
associated with the scabland routes as "non-
paired, stream-cut terraces", cannot be ac-
ccptcd. Many of the "remnants" arc ungullied
lls of gravel standing out in mid-valley,

passessing stream-lined forms, ha ing associ-

ated closed fosse depressions between them and
valley walls, containing bouldery accumula-
tions for the transportation of which his
"leisurely" streams never could be held com-
petent, displaying internal structures of long
fore-sets parallel to the slope for the entire
height of the deposit, and carrying gigantic
current ripples on their summits "nd channel-
side slopes. Allison, in a later paper (1941),
recrgnized these gravel piles as subnfuvially
shaped individual forms made in favored
places.

'1ere are divide crossings incxplicable by
Flist's rising fill (Drumhcller, Othc!la, Devils
Canyon, Palouse Canyon); there were con-
temporaneously functioning spillways out of
basins (three cataracts and Drumheller from

Quincy basin, Dry and Loarg I.ake coulees out

of acon synclinc) which, even with adequate

flls, rerluired far greater volume of water than
Fiint allowed.

-lint reported that many loesial scarps

nargiaine the scabland river routes wereI multiple" and argued that tile benced slopes
h.



WA5ll124GTON

ly pieces of glacier ice"
.1During wastage of the

.1 . - ms gradually removed

.ve remnants (15 per cent of
:s-Flint) which he called
1 by creep and slopewash;

's of [subsequentl dissection."
minor unit of the plcxus was

lut as the larger, deeper ones.
rcanders were a feature-of the
c broader (10-20-mile) tracts.
,alt scabland, including the
spectacular rock basins, was
ing this removal.
, gorge dam must have wasted
y, for the nearly complete rc-
in scabland routes was all done
aantities of glacial water while
.ttem basalt was being scarified
streams!) into the butte-and-
/ cbaracterizing scabland.
etation of the gravel deposits
the scabland routes as "non-
Ut terraces", cannot be &c.
the "remnants" are ungullied
standing out in mid-valley,
.1-l'ned forms, having associ-
depressions between them and

: -. bouldery accumula.
Yr?" tation of which his

:ns oever could be held com-
: internal structures of long
to the slope for the entire

-posit,.and carrying gigantic
:1 their summnits and channel-
on, in a later paper (1941),
gravel piles as subfluvially

al forms Ll-ide in fa-'-d

ide :rossings inexplicable by
(Drumieller, Othello, Devils
Canyon); there -cre con-

functioning spillways out of
aracts and Drumhcller from
y and Long iake coulees out
e) whick. even with adequase
greatcr volume of water than

that many loessial scarps
scrbland river routes were
rgued that tile benched slopes

SUMMARY

recorded staces in removing the fall, overlookin
any alternative possilbilitie%.

The extraordii.ary pattern of islandlik,
scarp-margined, prow-pointed residual hills c
locss isolated in wide areas of scabland arnd cu
through by narrow, subparallcl accessory glacia
river chiaiiels was to Flint the criseqrericc o
his widespread aggradation. But in the cleanii:
out of all the fdlcd valleys by lateral planation
no meandcr scars were eser left in the locssia
searps' Furthermore, Flint's nieclaiisn
"hrercais uwn utterly" (Alibun, 1 911, l1. 56)
whe-n cathrarsis of all the high-lying uinr
divergent strands is required of iti.

Flint's arrow went widest of its mark at the
place where Allison specified an ice jam in
Sinake Cain-on at the junction of tile Chene-
Palouse scabland river it the larCer valley.
For this distiict, Flint listed scvcral dry falls
and rock basins, stressing their small dimen-
sions (too small to be shown by the 40 ft. con-
tour intervals of t e subsequently published
topographic raps) ys typical. Unfortunately,
he missed sceing dry falls 100 to nearly J00 fect
high, empty recessional gorges with closed
depressions in them more than 100 feet deep,
and rock basins equally deep on the rocky sum-
mit of the pee-glacial divide %%here a width of
9 miles -as svwcpt clean of its locss cover and
X0 of its SO-square mile area has no remnants
of his fill.

Flint hypothesized a debris fill completely
blocking Snake Canyon just beyond this
ravaged divide sunmit. To make a lake
(Riparia) to account for higrn-ing, berg-
rafted erratic boulders farther up tie Snake,
the fill had to be SO0 feet thick. The ou tlet of
iie lake had to be around the southern low
periphery of the fill. lit ile subsequent dissec-
tion of this dam (during i-e slow bwastare of his
Columbia gorge dam), Snake River unc-
countably abandoned the lnw marginal bypass
route, where it lshould have becoie entrenched,
and returned to its buried preelacial 6orge.,

SRefore one commits himself as skeptical of tiheinterpta-tion of thIe present study, he should ex-amine tie Henge, Haas, LaCrosse and StarbucLkquadrarngle mafrs. A topography probably withoutclose approach to parallelism i n his vuticricsiec it ihniat's or terrii is rlrj n hnt. Sre of the"ilands" (rijwr preob~ilaid inte luve,) havc had
one side o lar~cly rcincoved that ittle v-lk)s drain.
i1ng to tile ul-cositc sile have been W beeded.

",he f is ahnost all toile, and the exhumstsd,

ruggl h fsal- ipogrraphy forbids any concept
f, a ateral shifting to bring he Snake back.

if

Characto, O/New Evidence (1952)

I The new evidence for torrential discharge
comes from deit.led topographic maps (10 foot
and 2-fort contour interual6) by the U. S.

IBureau of Reclamation; friin new topographic
maps hy the U. S. Geological Survey; from
175 iniils t-! n..n irrii.ktion canal. excavatul,
in large part, it, scablawrd gr.iel dviksits; front
dozens of large, recent!y opened gravel pits;
and from acrial photographs not available
during any e:rlier study.

The aerial photographs reveal giant current
ripples on niot:ided gravel deposits interpreted
as gigantic river bars, essentially unmodified
subfluvial corstructional forms.

Long, delt lle fore-set bedding parallels the
slopes and citcnds throughout the body of
mrany of 0hyc Lars. The large quantity oftranspor ted Lulders in some bars and their
huge size are impossible products of Flint's
strea ms.Records o. -. catcd debaclelike floods have
been found u%"2 distribLted throughout the
whole scallar. coip!cx. The western part of
the scabland 'Grard Coulee, Quincy basin,
adjacent Covurr-.ia valley) has had at least
seven floods, f..v down Grand Coulee and two
affecting the Cof!=mia vaUcy alone. These are
accounted fhr Ly repeated burstings (and re-
constructirsj r'f the glacial ice dam of Lake
Missoula it, tie mountains of westcrn Montana.
Al'itudes ar'd topographic relations between
the lake and li.c plateau are in consonance with
the idea. SrL:.; records that the lake was
abruptly en;.-Ad (giant current ripples,
severely scourd salients, huge barlike deposits,
Pardee 1942) strong!y support that in-
terpretation.

FLooo CosREa-AT-o's

(Bretz)

Corrclations rf all the poslulated floods are
not yet fr.r 412y The aidcst flood across Quincy

b sii cattle fir Grand Cou'-c alone, only
after tha~t dc)p canyon had been cut con-
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pietely across the platcau'& high northern edge
and only when the Okanogan lobc, holding an
advanced position across the Columbia valley,
prevented escape of the glacia. water around
the northwestern part of the plateau. This event
is genrally considered to bc of I.Lc Wisconsin
age. At that time only deeper Drumhel-r and
Othello chamiels and Lower CrAb Crei k olcr-
ated dluwmmsLrvamn fron Grand Coulve. hIack-
filling iii tie nimouth (if Upoer Cral Creek amid
perham in lowier Wahtuna Culee uas cmin-
temulporancous with it.

Bretz has argued that all channels in the
scabland complex functioned sont emporane-
ously until Grand Coulec's great gash was
compluted. With this interpretation, Flint has
agreed (1938, p. 46). But the new evidence of
deepening of some channels during a succession
of floodi renders that concept ine"lid for later
occupations. The idea is riot yct to be dismissed
for the earlie.t recordd flooding. It is based on
altitude* of uppier flood limits at the .hannel
heads on the high nortlern cdge of the tilted
plateau. About a dozen definite channel heads
arc distributed along about S3 milks of this
divide, and the upper-limit altitudks (highet
scalam , locsial scarp bases, and ice-rafted
erratics floated back in minor valleys in the
locas) lie bctwcen 2430 and 2530 feet. A.T.
(1tretz, 192S6, l. 5). Although these are not
precise markers, there is no cumulative de-
crease in their altitudes either cast or wist. Part
of this range may well be ascribed to'ancroid
errors.

The conclusion that the first recorded flooding
used all chanmiels can be avoided if the sites of
the %%estern channel hieads were o.,;inally sum-
ciently lower than the eastern ones to take all
the first flood water arid (2) in some subsequent
floodiig, either these heads were closed by an
advanced edge of the Cordilicran ice sheet so
that hi'hcr eastern channels wcrd iniiatcd or
eastward down-tilting had occurred sikice the
preceding flood. This sequence can be reversed
1; blocking the lower western chanr.cl heads at
the time of an early flood with an expanded
Columbia lobe so that only the higher Cheney-
Palouse route ope-rated amid then in later floods
which found a shrunken Colurniia lobe, by-
passing that castern route. Postscabland cast-
west tilting would again be necessary to bring
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all channel-head upper limits into the same
horizontal plane. An eastward down-tilting,
however, would remove the present difficulty
with altitudes at Mica.

The channeled summit of Steamboat Rock
in upper Graid Coulee carries glacial striac and
a moraine ridge, both clearly later than the
channeling (Jtretz, 1932, p. 33). A silt-covered
bouldery ridge on the coulee floor clrose to the
clifT of Steamboat is perhklps ml nmrainic. The
eNte rim nmargi of the Okanogam l..,e alp.
parently has invaded the coulee head since
cataract recession passed the Rock. If this
coniletely closed the coulee, it must have
caused renewed discharge of flood or normial
meltwater through the deeper of the eastern
scabland channels. Such an episode must have
been brief, for very little retreat of the
Okanogan lobe would again open Grand Coulee.
A flood down Columbia valley west of the
scablands fmllotmtd the last Grand Couke dis-
charge, its record indisputable in West Bar's
giant current ripples and the Beverly bar.
Ilurstin. of the Okanogan lobe's dam (Waters,
l9%3, p. 617), perhaps as a consequence of
another Lake Missoula dam burst, may well
have supplied the water for this L.,est glacLil
river floodiing of the Columbia I'lateau.

The writers do not believe that successive
Lake Missoula emptyings are to be corrcdated
strictly with successive rlcistocene glacial
episodes. Dam failures probably came when in-
creasing hydrostatic pressure in front of the
)'end Oreille lobe coincided with weakening of
the ice front. Decreased alimentation of the
lobe vwould accompany sub-periodic chimatic
warmings when wastage would also be excessive.
Repeated failures" may have occurred during
any one glacial cycle. This would be comparable
to recorded modern glacial lake bursting in
Alaska, British Columbia, the Himalayas, the
Alps and elsewhere (Kerr, 1934; Klebelsberg,
1948; Stone, unpublished).

The steep scarps in weak loess can hardly be
surv;vals from early Pleistocene glacial foods.
If, thertfore, they were made in relatively late
Pleistocene time, either there were no earlier
Lake Nlissoula pondings and outbursts or the .

" Pardce's giant ripples (1942) record a lake sur-face at least 3450 feet A.T. when the dam burst.
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